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ADVERTISEMENT. 


HE firſt Edition of this Work was publiſh- 

ed in 1747. It was deſigned as a correc- 
tion and improvement of Boerhaave's Inſtitu- 
tions, by adding the new diſcoveries of Mor- 
gagni, Winſlow, Albinus, Douglas, &c. 


IN 1751, another edition was publiſhed ; in 
which ſome things were treated more fully, and 
others more briefly, than before. The ana- 
tomical deſcriptions, particularly, were here 
abridged; ſome new phyſiological diſcoyeries 
added; and a great number a typographical 
errors corrected. 


A third edition was publiſhed in 1764. Here 
the author conformed the order of his ſubjects 
treated of in his Firſt Lines to thoſe of his larger 
work, and made the number of books contain- 
ed in both equal; but did not think proper to 
abridge his Firſt Lines any farther, leſt they 
ſhould thus have become leſs fit for the purpo- 
ſes of a Text book. 


THe demand for this Work foon became ſa 
great, that an edition was printed at Edinburgh 
in 1766, under the inſpection of the then Pro- 
feſſor of the Inſtitutions of Medicine; who had 
formed the phyſiological part of his lectures 
upon a ſimilar plan. The greateſt care was 
taken to have this Edition as exact and free 


from typographical errors as poſſible; and it 


was farther improved by the addition of an 
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Index, which may be conſidered as an elegant 


compend of the whole. It was thought proper, 
however, to retain the erroneous numbers of the 
paragraphs which had eſcaped in the original 
editions, for the more eaſy referring from one 
place to another, and that no confuſion might 
ariſe from uſing the different editions. 


Or the laſt- mentioned valuable Edition the 
preſent Editor, a few years ago, publiſhed an 
exact tranſlation, in which all poſſible care had 
been taken to give the true meaning of the Au- 
thor, in a plain and eaſy manner: An under- 
täking to which he was incited by the conſide- 
ration, that the tranſlation with which Students 


had been formerly furniſhed, not only was 


done from an old edition, exceedingly i.nperfect 
in compariſon with the laſt one; but was alſo 
unneceſſarily extended in the printing to double 
the ſize of the original, and of courſe propor- 


tionably enhanced in the price. 


Tux utility of that undertaking was * 
acknowledged by the favourable reception which 


it met with, and which has already rendered 


another impreſſion neceſſary. In preparing this 
for the preſs, the Editor, ſolicitous to give it 
every improvement in his power, reſolved to 
avail himſelf of a new edition of the original 
recently publiſhed, with Notes and Illuſtrations 
comprehending the later Diſcoveries, by that 
eminent phyſiologiſt Profeſſor Writberg of Got- 
tingen. Accordingly the following tranſlation 
ha as not only been compared with the text of that 

edition, 


Oo 
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edition, but all the Notes, about 200 in num 
ber, have likewiſe been added. At the ſame 
time, the former low price has only been in- 
creaſed by a very ſmall addition, not at all pro- 
portioned to the enlargement of the Work or 


the expence of the Publiſher, 
EDINBURGH, 
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PHYSIOLOGY. 


Eo Aub CHAP. 1. Sor Nuo. 4A 


Of a Finxt, CrLLULAR TEXTURE, 


HE human body i compoſed either of 
fluids or ſolids. Since the fluid parts 
are of different kinds, we ſhall conſider : 

them afterwards in their moſt proper 
place; but as the ſolids form the moſt ſimple * and 
true baſis of the body, we ſhall begin with their hi: 

ory before we enter upon the conſideration of the 2 

n 9 
II. The fol:4 parts of animals and vegetables have 1 
this fabric in common, -that their elements, 'or the 

ſmalleſt. parts we can ſee by the fineſt microſcope, 4 
are either fibres or an unorganized concrete, 2 

JJC 1 III. 


*The firſt elements of all the parts of animal bodies conſiſt 


2 


of a certain earthy ſubſtance conjoined by a gelatinous matter, 2 
and of a little air; from which, by the mediation of the primary = 


fibres, plates and membranes, veſſels and inorganic” glue, the 08 
chief inſtruments of the body, the bones, muſcles, veſſels, mem. 
branes, viſcera, tegumenta, joints, the whole body, are produced _ 
according to the different mixture of the elements, and the vu. = 8 
rious addition of the other parts. * 
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HI. A fibre, in general, may be conſidered as re- 
ſembling a line made of points, having a moderate 
breadth; or rather as a ſlender cylinder. And that 
the more conſtant or permanent parts of which it is 
compoſed are earth, is demonſtrated from calcination, 
or long continued putrefaction. 


IV. Theſe earthy particles poſleſs connection and 


power of coheſion, not from themſelves or a mere 
contact, but from the intermediate glue placed be- 
twixt them. This we know trom the experiments 
mentioned above (IV.); and from the eaſy experiment, 


by which a burnt hair, whole parts yet hang together, 


recovers a degree of firmneſs when dipped in water 
or oil. Alſo the remains of ivory or bone ſhavings, 
whoſe jelly has been extracted, become friable, like 
bones, which, by long expoſure to the, weather, are 
converted into a true earth very ready to imbibe wa- 
ter. But even bones rendered friable by _— 
their gluten extracted, will recover their hardneſs 
when the gluten is reſtored. It is this gluten alone 
which conſtitutes the more ſimple parts of animals (II). 

V. That this glue is compoſed of oil combined 
with water by the vital attrition in animals, again ap- 
pears from the chemical analyſis of bones and hair; 
from the jelly of bones, ivory, and horns; and from 
the nature of our aliments themſelves. Nor 1s there 
any kind of glue that could more powerfully join the 
parts of animals together; as we experience in fiſh- 
glue, and that of joiners or cabinet-makers, &c. ; 

VI. Earthy particles, then, (III.) adhering longitu- 
dinally, and connected by an intervening coheſive 
glue (V.), compoſe in the firſt place one of the leaſt 


or moſt ſimple fibres, ſuch as we underſtand rather 
from reaſon than ſenſe. 


VII. 


polypi and ſwi 
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VII. But the fibres which firſt appear to the ſight, 


are of two kinds. The firſt kind is lineal namely, 


fibres, which have their length conſiderably large in 
proportion to their breadth; and which, by diſpoſing 
of the elementary particles in a right line, mult of 
courſe lie parallel generally with the contiguous fibres. 
Examples of ſuch fibres we ſee in the bones, and 
molt eaſily in thoſe of a fatus3; and likewiſe in 
the tendons, ligaments, and muſcles: only, we muſt 
always remember, that the eye never reaches to the 
imalleſt fibres, but to larger ones made up of the 
{malleſt, and like. to them in ſlenderneſs, adjoining in 
a rectilineal courſe. That theſe are not different from 
the ſmalleſt fibres, we are perſuaded by the moſt ac- 
curate microſcopes of Muyſe and Leewenhoeck ; by 
which the muſcular fibres, divided even to the laſt, 
appear ſimilar to the larger, till at length 0 ſecm 
mere lines. 

VIII. The ſecond kind of fibres (VII.) is thoſe in 
which the breadth is frequently larger than their 
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length. Theſe, when looſely interwoven with each 


other, are called the cellular tunic ; though the name 
tunic or membrane is on many accounts very MH 
er. 

IX. This cellular ſubſtance is made up of an in- 
finite number of little plates or ſcales, which, by their 
various directions, intercept ſmall cells and web-hke 
ſpaces; and join together all parts of the human body 


in ſuch a manner as not only to ſuſtain, but to allow 


them a free and ample motion at the ſame time. But 


in this web-like ſubſtance there is the greateſt di- 
verſity relatively to the proportion betwixt the ſolid 
parts and intercepted cells, as well as the breadth 
and ſtrength of the little plates, and the nature of the 
contained liquor, which is ſometimes more watery, 


B 2 . 4 /a0d 
3 They are very fully perceived in the oſſa TELE frontis, 


and temporum, if the child has laboured under a bydrocepha- . : 
lus; and alſo in the teeth of larger animals, when the e are _ 


as yet ſhut up. 
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and ſometimes more oily: and likewiſe to the mixture 
of fibres and threads; of which in ſome parts, as in 
the coats of the arteries, there is a great number; in 
other parts, as under the ſkin, ſcarce any. | 
X. Out of this net. like cellular ſubſtance, compac- 
ted by the little plates, concreting and preſſed together 
by the force of the incumbent muſcles, and diſtend - 
ing fluids, or by other cauſes, ariſe broad and flat plates 
or ſkins in various parts of the body, which, being ge- 
nerally diſpoſed in a rectilineal direction, are more 
properly called membranes; or, being convoluted into 
cones and cylinders, pervaded by a flux of ſome juice 
or liquors through their cavities, put on the name of 
veſſelt; or elſe, being extended round ſome ſpace that 
is in a plane parallel to itſelf, we call it a funic or coat. 
But that tunics or coats are formed out of the cellu- 
lar ſubſtance is proved by ocular inſpection, eſpe- 
cially in the aorta, ſkin, pericardium, or dura mater, 
by maceration; and thus the coats of the muſeles are 
evidently of a cellular fabric, fimilar to that of other 
tunics. The ſame thing is alſo proved from the eaſy 
change of the dartos, and the nervous membrane of the 
inteſtines, by inflation into a cellular ſubſtance; from 
the hard and thick membranes about encyſted tumors, 
which have their origin only in the cellular texture; 
and, laſtly, from that membrane, which, being gra- 
dually moſt firmly compacted, forms the true ſkin ly- 
ing under the epidermis, and being thence continued 
is partly reſolved into the ſubcutaneous: cellular tex 
ture which is filled with fat. | 
XI. All the veſſels with which we ſee tunics painted, 
are an addition to the cellular net-work, and in no- 
wiſe conſtitute the nature of a membrane, but are ſu- 
peradded to the membrane itſelf, which is firſt form- 
ed of the cellular net-like ſubſtance. Betwixt the 
. meſhes or ſpaces of the inteſtinal net- work of veſlels, 


perfectly well filled by the Ruyſchian art of injection, 
wee ſtill ſee, that the white cellular ſubſtance which 
Temains, greatly exceeds the bulk of the veſſels, al- 

% | though, 
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though, by their preternatural diſtenſion, they take 
up more room by filling more of the ſpace 4 But 
with regard to membranes compounded of fibres de- 
euſſating or interwoven with each other, I know of 
none ſuch; unleſs you will take the ligamentary or 
tendinous fibres for them, which are ſpread over 
ſome true membrane. 

XII. This cellular web-like ſubſtance in the human 
body is found throughout the whole, namely, where- 
ever any veſſel or moving muſcularfibre can be traced 
and this s without the leaſt exception, as far as I know. 

XIII. The other elementary ſubſtance of the human 
body (III.) which cannot be truly called either a fi- 
brous or cellular plate, is a mere glue evaſated and 
concreted,-not within the fibres, but in ſpaces betwixt 
them. In the bones this extravaſated ſubſtance is ma- 
nifeſt enough; for you fee the fibres very diſtinct in 
the bones of a foetus, in the intervals between which 
you perceive the veſlels running; ſo that every bone 
in the ſkull; on all fides, reſembles the teeth of a 
comb. But this fabric is ſo altered in an adult per- 
ſon, that the juice being extravaſated in the ſpaces be- 
tween the fibres and the intervals thus filling up, as 
happens with the juice of madder, plates are then 
formed of the teeth above mentioned cemented to- 

ther . The cartilages ſeem to be ſcarce any thing 
elle than this glue concreted. 

| B 3 XIV. 

Many things flill remain which by no means can be referred 
to the nature of the veſſels. They are very ſucceſsful injections, 
which can be thrown into the brain, lungs, glandula thyroidea, 
heart, thymus, kidneys, liver, gali-bladder, inteſtines, teſticle, ſkin, 
&.; they leave always a great part of the fibres, in filling which 
the next age will not be more ſycceſsful than the preſent 

This is to be underſtood with ſome limitation. It is true, in- 
deed, of ſcveral parts formed of veſſcls, membranes, and fibres, that 
they can be reſolved by the knife, in ation, maceration, into cellu- 


lar texture: But the diſſolution of a recent brain, of the cornea, 
and lens in water; the deſtruction of the epidermis, hairs, and 


render it probable, that all the animal parts do not fully conf 
of cellular texture alone. 


nails; the ſtructure of a great part of the bones and catilages, 1 1 * 
_ Bs 
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XIV. But here the courſe of nature ſeems to be 
ſuch, that even the filamentary fibres (III.) are all 
firſt formed of ſuch a transfuſed glue. And, that 
the membranous or ſcaly fibres of the cellular ſub- 
ſtance (VII.) are thus formed appears from thoſe cel- 
lular fibres produced in the thorax from a concreted 
vapour, which joins the ſurface of the lungs to the 
pleura; for theſe perfectly reſemble the true and na- 
tural cellular ſubſtance. The ſame appears alſo from 
a compariſon of the foetus with an adult; for the large 
ſubcutaneous cellular ſubſtance in a foetus has in its 
ſtead a mere jelly interpoſed betwixt the ſkin and 
muſcles, which laſt we obſerve very firm in a fœtus: 
from the morbid diſſolution of the membranes of the 


muſcles into a mere glue: and from a ſimilar change 


into glue or ſize, made on the ſkin, tendons, and li- 
gaments of animals by means of boiling water. This 
theory is alſo illuſtrated from clots of coagulated 
blood, the ſanguineous membranes of Ruyſch, Albi- 
nus's membranes formed of mucus, polypus, filk, 
and glue. Laſtly, that the bones themſelves are 
formed of compacted gluten, is ſhown from diſeaſes, 
in which the hardeſt bones, by a liquefaction of their 
gluten, return into cartilages, fleſh, and jelly: ſimilar 
changes are made on the bones of fiſhes and other 

animals by Papin's digeſter. | 
XV. It ſeems, then, that a gelatinous water, like 
the white of an egg, with-a ſmall portion of fine cre- 
taceous earth, firſt runs together into threads, from 
ſome preſſure, the cauſes of which are not our preſent 
concern, Such a filament, by the mutual attraction 
of coheſion, intercepting ſpaces betwixt itſelf and 
others, helps to form a part of the cellular net. like 
ſubſtance, aſter having acquired ſome toughneſs from 
the neighbouring earthy particles, which remain after 
an expulſion of the redundant aqueous glue. And in 
5 this 


particularly ; which are obvious every where, as in the veſſels, and 


more frequently the aorta, larynx, glandula pinealis, qura ma- 


ter, &c. 
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this net · like ſubſtance, wherever a greater preſſure is 
impoſed on its ſcales or ſides, they turn into fibres 
and membranes or tunics ; and in the bones, laſtly, 
they concrete with an unorganiſed glue (IV.). Hence, 
in general, all parts of the body, from the ſofteſt to 
the hardeſt, ſeem to differ no otherwiſe than in this, 
that the hardeſt parts have a greater number of the 
earthy particles more cloſely compacted, with leſs 


aqueous glue; whilſt in the ſofteſt parts, there is leſs 
earth and more glue. 


C H A P. IL 
O the CxLLVLARA SUBSTANCE and its FAT. 


X VI. HE cellular fabric is madeup of fibres and 

plates (IX.), which are neither hollow nor 
vaſcular, but ſolid ; although it is painted by an 
acceſſion of veſſels. But the principal differences 
of this fabric are the following”. In ſome parts 
of the body it is open and looſe, being formed of 
long and diſtant plates; in others it is thin and 
compact. being made up of ſhort concreted fibres. I 
find it ſhorteſt betwixt the ſclerotica and choroides of 
the eye, and betwixt the arachnoides and pia mater 
of the brain. I alſo find it tender, but more conſpi- 
cuous, betwixt every two coats of the inteſtines, ſto- 
mach, bladder, and ureters; in the lungs, where it 
obtains the name of veſicles; under the pulp of the 
glans penis; and between the ſmall kernels of the 
viſcera and glands. It is compoſed of longer fibres, 
where it is extended over the larger veſſels, under the 
name of capſule or vagina; as throughout the viſce- 
ra, and particularly the liver and lungs; and is va{ily 


B34 firmer 


7 All the cellular texture may be divided into three claſſes: 
199, The looſe and large, whether it comprehends the fat or not; 
it for the moſt part connects the larger parts of the body, the 


Tn 
muſcles and viſcera: 2d. The ſhort and- cloſe, conjoining the 


tunie of the membranous viſcera and the glands: 37is, The cons , 
fuſed, from which various membranes arife, as the nervous coat of 


the intelines and wweuy om 1 teſlis, — * | 
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firmer in the veſſels which go to the head and joints. 
Its principal uſe is to bind together the contiguous . 
' membranes, veſſels, and fibres, in ſuch a manner as 
to allow them a due or limited motion. But the cel- 
lular ſubſtance, ſo far as we have hitherto deſcribed 
it, hardly ever receives any fat; it is moiſtened by 
a watery vapour, gelatinous and ſomewhat oily, ex- 
haled out of the arteries, and received again into the 
veins. The truth of this is eaſily demonſtrable from 
injections of oil and water, either alone or with fiſh- 
glue, made in all parts of the body, When this va- 
pour 1s wanting, the {mall fibres grow one to ano- 
ther, and the contiguous membranes or plates are ce- 
mented into one, with a loſs of their motion. 

X VII. The cellular texture is more lax, and formed 
of plates rather than fibres, where it divides the muſcles 
and all their fibres, even to the ultimate fibre; where 
it ſurrounds and ſuſtains the leaſt veſſels with their 
free motion; and within the cavities of the bones, 
where it is alſo made up of bony plates with mem- 
branous ones intermixed. It is likewiſe very lax un- 
der the ſurface of the body, being every where inter- 
poſed betwixt the muſcles and the ſkin; but ĩt is laxeſt 
of all in the genital parts of the male, which are fur. 
rounded with very wide cells. 

XVIII. Into the empty ſpaces of this cellular tex- 
ture (XVII.) is poured almoſt every where in the fce- 
tus, firſt a gelly, then a grumous, and laſtly a clotted 
fat, all under the ſkin, and in ns ſmall hollows. It 
is compoſed of an inſipid inflamwable liquid, lighter 
than water, which in a cold air concretes into a folid 
eſpecially about the kidneys ; and in graminivorous 
animals, in fiſhes, probably alſo in man, while they 
are alive, it is very nearly fluid, although apt to be 
_ indurated. Init, along with the oil, is united an acid 
laſt in quantity almoſt equal to the ſixth part of the oil. 

XIX. Through this cellular texture the blood-veſlels 

run and are divided; from the arterial extremities of 
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which the fat is depoſited, and abſorbed by the veins» 
This paſſage, from the arteries into the adipoſe cells, is 
ſo free and ſhort, that there muſt needs be very la 

mouths by which they open, and by which they give 
admittance to injected mercury, air, water, diflol 

fiſh-glue or jelly, and oil not excepted, which is always 
very ſluggiſh in paſling trough the veſſels even of 
living animals. Theſe are ſecreted not by any long 
ducts, but tranſude on all ſides through the whole ex- 
tent of the veſſel; inſomuch that, when an artery is 
filled or injected with water, there is no part of the 
ſurrounding cellular ſubſtance but what ſwells with 
the moiſture. The warm fat, during the pulſation 
of the arteries, eaſily finds out the ſame paſlages. 
How quickly it is colle&ed appears from the ſpeedy re- 


novation of it, by a returning fatneſs after acute diſcaſes. 


XX, But that this fat is abſorbed by the veins, we 
are taught from the ſudden effects which exerciſe of 
the muſcles more eſpecially has in conſuming the oil 
of very fat animals; alſo from the conſumption of our 
fat in fevers; from the cure of dropſies, where the 


water transfuſed into the cellular ſubſtance is in a 


manner abſorbed and thrown out by the inteſtinal 
tube; and, laſtly, from the tranſuding of water and 
oil from the venous orifices, when injected by the 
ſyringe. Are the nerves ſpread out upon the adi- 
poſe cells? It is certain they in moſt parts run through 
this ſubſtance, and divide into the minuteſt filaments, 
ſo ſmall that you can no longer trace them by the 
knife: that they are loſt in it, is not probable*; for 
the fat is both inſenſible and unirritable. 

XXI. The intervals betwixt the plates of the cel- 
lular membrane, are every where open, and agree in 
forming one continuous cavity throughout the whole 


body. 


* It is certain that no nerves remain in the fat. In the very — 
fender delicate laſhes which pierce the ſoft fat of the orbit, in the > 
infinite diſtributions of the crural and ſciatic nerve through the 
fat of the femur, &c. the exit of nerves from the fat to other parts | 


— 


is fully apparent. 4 
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body. This appears from the inflation which but- 
chers, and likewiſe the ſurgeons of Ethiopia, produce 
by a wound of the ſkin, and which raiſes the ſkin all 
over the body; alſo from an emphyſema, in which 
the air received by a wound of the ſkin, being re- 
tained, cauſes a ſwelling throughout the whole ſurface 
of the body; the paſſage of bodies, put under the 
ſkin, to a place remote from that at which they enter- 
ed; the paſſage of pus from an inflamed place to re- 
mote ulcers; and, finally, from diſeaſes, in which a 
watery or ſerous humour is depoſited into all the cells 
of this net-like ſubſtance throughout the body, and 
is emptied from them all by a ſingle inciſion. That 
none of the cellular fabric is excepted from this com- 
munication, appears from caſes, wherein the vitreous 
body of the eye bas received the flatus of an emphy- 
ſema; and again from diſeaſe, in which the gelatinous 
ſerum of a dropſy has been found transfuſed even 
into the cavernous bodies of the penis. | 
XXII. The great importance and uſe of this cellular 
ſubſtance in the animal fabric, muſt be evident to all 
who conſider, that from this part alone proceeds the 
due firmneſs and ftability of all the arteries, nerves, and 
muſcular fibres of the body, and conſequently of allithe 
fleſhy parts and viſcera formed from thence; even the 
figures of the parts, their proper length, curvatures, 
cavities, and motions, depend entirely on the cel- 
lular texture, which is in ſome places of a lax, in 
others of a harder fabric; for when it is cut, the parts 
lengthen and are relaxed ; Of this ſubſtance, along 
with the veſſels, nerves, muſcular and tendinous fibres 
(of which it alone compoſes a good part), all the viſ- 
cera, muſcles, and glands, with their ligaments and 
capſules, are compoſed. It alone, its various length, 
tenſion, quantity and proportion, occaſions the diffe- 
rence in the glands and viſcera; and, laſtly, it is it 
alone which makes the greateſt part of the body itſelf, 
: | e if 
Phe cellular texture, juſt as the utricular ſubſtance in vege- 
tables, communicates through all the cells of the animal body. 
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it indeed the body is not totally formed of ſuch cellu- 
lar filaments. i 
XXIII. This ſubſtance hath a contractile power, dif- 
ferent from that of irritability, which, though not de- 
monſtrable by experiments, for the moſt part diſpoſes 
the cellular fibre to ſhorten itſelf gradually after it has 
been lengthened. This power, excited by cold, ren- 
ders the ſkin rigid ; raifes the hairs; draws up the 
ſcrotum ; and, after geſtation '*, reſtores the ſkin of 
the abdomen and the uterus to their former ſize . 
The ſame force, by a gentle but continual contraction, 
promotes the ſecretion both of the fat, the liquors of 
the ſubcutaneous and other glands, and of pus: in 
the veins and receptacles, it reſiſts dilatation; which 
being taken off, it reſtores the part to its former ſize. 
In the foetus, this gentle force is among the principal 
cauſes of the changes that happen to the body. 
XXIV. The u/es of the fat are various; as to fa- 
cilitate the motions of the muſcles, in all parts to leſſen 
their attrition againſt each other, and to prevent a 
ſtiffneſs or rigidity : it fills up the intermediate ſpaces 
betwixt the muſcles, with the cavities about many of 
the viſcera, in ſuch a manner, that it readily yields to 
their motions, and yet ſupports them when at reſt : it 
principally. conſtitutes the weight of the body ; con- 
ducts and defends the veſſels: it gives an uniform ex- 
tenſion to the ſkin; and, ſerving as a cuſhion to eaſe 
the weight of the body, renders the whole of a comely, 
agreeable ſhape: probably, by mixing with many of 
the humours, it abates their acrimony : it has a prin- 
cipal ſhare in forming the bile ; and by tranſuding 
through the cartilaginous incruſtations of the bones, 
it mixes with the articular liquid, and by re-abſorp- 
tion it lubricates their fibres: by exhaling through 
the pores of the ſkin, it. reſiſts the inclement drying 
quality of the air: alſo, by exhaling in a living perſon 


* And in dropfical caſes, after a cure bas been performed. 


And reftores to the mammz, after ſuckling, their agreeable _ 
form and beauty. „ e 


t | : | 
rom | 
þ 93 EY 
Ef F 8 


RO 
"WF" 


8 ARTERIE S. Car. III. 


ſrom the meſentery, meſocolon, omentum, and round 
the kidneys, it lubricates the ſurfaces of the viſcera 


with an oily emollient vapour; and, by interpofing 
Itſelf between their integuments, prevents their con- 


cretion. 

XXV. The fat is depofited into the cells of this ſub- 
ſtance by ſleep, reſt of body and mind, and a dimi- 
nifhed force of circulation '*: whence, being collected 
in too great a quantity, it proves injurious by com- 


preſſing the veins; and, by cauſing too great a reſiſt. 


ance to the heart, it makes a perſon fhort-breathed, 
and liable to an apoplexy or dropſy. The ſame humour 
is taken up by the veins; and, being rapidly moved 
along the arteries, is conſumed by violent exerciſe, 
venery, watchings, cares of the mind, a falivation, 
diarrhoea, fever, faſting, or ſuppuration. When re- 
itored to the blood, it increaſes acute diſeaſes, tinges 
the urine, and forms a part of its ſediment. After a 
ſudden conſumption of it, it is foon renewed again 
from good juices, or healthys humours : but, in a 
languid habit, a gelly, inſtead of fat, is depoſited into 
the cells; and this cauſes the dropſy we call anaſar- 
ca, and an external hydrocele or watery ſwelling. 


CHAP. III. 
Of the VESSELS. 


XXVI. HE membranes will be better deſcribed - 


ſingly. There are ſeveral common to the 

arteries. Theſe are long extended-cones, whoſe dia. 
meters decreaſe as they divide into more numerous 
branches: but where the arteries run for ſome length, 
without giving off large branches, their convergency, 
if any, is not very evident: at length they are cylin · 
drical, or very imperceptibly diminiſhed, when — 
are called os aac ary oa and wherever they admit only 
a 


And diſcaſes of the liver, fince the circulation is remarkible - 
_ "ion ſleep, the increaſe of the far, and the propenſity to drapſy 
dad hepatic affections. 
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a ſingle globule ; the ſection being every where with- 
out exception circular, in a diſtended artery. Where 
ſend off large branches, the light or cavity is 
there ſuddenly diminiſhed, infomuch that they might 
be taken for à chain of cylinders, of which every one 
is narrower than the preceding. If you reckon them 
cones, then the common baſs of the cone in all ar- 
teries is either in the one or the other ventricle of the 
heart; and the apex of the cone terminates either in 
the beginning of the veins, or in the beginning of the 
cylindrical part of the artery, or in the exhaling veſſel, 
unleſs it is cylindrical. In ſome places they ſeem to 
diverge or dilate; at leaſt they become there of a 
large diameter, after they have been filled or diſtended 
with wax; which poſſibly may ariſe from ſome ſtop. 
page of the wax, by whoſe impulſe that part of the 
length of the artery becomes more diſtended than the 
reſt. Examples of this kind we have in the vertebral 
artery, at the bafis of the ſkull '3, in the ſplenic artery, 
in the flexure of the carotid artery, according to Mr 
Cowper's injections; and, laſtly, unleſs theſe experi- 
ments deceive me, in the ſpermatic arteries '4 in all 
places, likewiſe, where the ramifications between the 
diameter of the artery is a little increaſed. | 
XXVII. There is uo external coat proper and per- 


petual to all the arteries; but the office of ſuch a coat 


is ſupplied to ſome of them by one ſingle external and 
incumbent integument, which in the thorax is the 
pleura, and in the abdomen the peritonzum. In the 
neck, arm, and thigh, a ſort of thicker cellular ſub- 
{tance ſurrounds the arteries. 'The membrane of the 
pericardium, which on all ſides ſurrounds the aorta, 
returns back with the veſſels to the heart. The dura 


mater 1mparts a capſule, that ſurrounds the carotid ar- 
tery as it paſſes out through a hole in the ſkull. But 


the firſt true external membrane common to the arte- 
rial tube in all parts of the body, is the cellular ſub- 


1 In the baſilar artery, ſo called. | | 
Ia the artery of the arm a little above the divifion. 
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ſtance, which in ſome parts (as in the thorax) we ſee 
replemſhed with fat. 

XX VIII. This cellular coat is, in its external ſurface, 
of a more lax texture, painted with a great many ſmall 
arteries and veins ; and it has nerves runnning thro* 
its ſubſtance, which are none of the ſmalleſt. There 
is ſometimes ſo much of this cellular ſubſtance about 
the artery, as might occaſion one to think it hardly 
belonged to it as an external coat or lamella, but ra- 
ther as ſome foreign net-work added to this veſſel. 
Thus we find it in the arteries of the neck, groins, 
and ſubclavians; in the meſenteric, cæliac, and hepa- 
tic arteries ; where it is chiefly interwoven with lon 
fibres. And theſe are the vaginæ or capſules of the 


arteries, formerly oblerved by ſome eminent anato- 


miſts *5, 

XXIX. As this cellular coat advances more inward, 
and nearer to the light and capacity of the artery, 
it becomes more denſe, ſolid, and is tied more cloſely 
together by a kind of wool, and may be called the 
proper coat of the artery. T hat there is no tendinous 
coat of the arteries diſtin from this laſt part of the 
cellular ſubſtance, is evident from maceration, where- 
by the inner ſtratum of this arterious tunic changes 
into a cellular fabric“. 

XXX, Within the former, and nearer the light or 
capacity of the artery, it has a coat of muſcular fibres, 
which are in general imperfect circles: that is to ſay, 
no fibre any where makes a complete circle round 
the veſſel ; but a number of ſegments conjoined toge- 
ther, with their extremities turned off ſidewiſe, ſeem 


to form one ring round the artery. Theſe fibres, in 


the larger arterial trunks, form many ſtrata, appear of 
2 a 


"5 Theſe additions of ſmaller veſſels to the greater, which ſome 
people have miltaken for a peculiar vaſcular tunic, are the more 
frequent the younger the agimal, or if it has laboured under a 
ion. 

15 Soluble, aceording to Albinus's way, almoſt into as many 


© lamellz as you chooſe, without any evident number or Uverlity. 
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a reddiſh colour, and are remarkably firm and ſolid; 
but in the ſmaller arteries they are by degrees more 
difficult to demonſtrate, and ſeem to be wanting in 
the arteries of ſmall animals. I have never obſerved 
them to run along the veſlel lengthwiſe. Under 
theſe membranes, but pretty difficult to demonſtrate, 
is an exceeding ſhort cellular texture, into which a 
chalky concreting matter is poured when an artery 
oſſifies. 

XXXI. The innermoſt coat of the artery is thin, and 
finely poliſhed by the influent blood; ſo as to form 
a ſingle incruſtation that cvery where lines the fleſhy 
fibres, which are not very continuous one to the other, 
and prevents the blood from inſinuating into the ſpaces 
betwixt them. It is every where ſmooth and without 
valves; although, from a ſort of mecbanical neceſſity, 
ſometimes certain folds, raiſed into a ſemicircle at the 
origination of branches, form a projecting eminence z 
as we ſce at the branches produced by the arch of the 
aorta. Yet, in arterics of the viſcera, the innermoſt 
coat is ſofter, lax, wrinkled, and almoſt friable, eſpe- 
cially in the ductus arterioſus. 

XXXII. The arteries themſelves have arteries which 
are more particularly ſpread through their external 
cellular coat; and, ſpringing on all fides from the next 
adjacent ſmall arterial trunks, from numerous bran. 
chy net-works, which are all of them indeed very 
minute, but plainly appear, even in the fœtus, with- 
out injection, to be very numerous. There are alſo 
nerves which deſcend tor a long way together through 
the ſurface of the artery, and at laſt vaniſh in the cel- 
lular ſubſtance of the veſſel; ot which we have a ſpe- 
cimen in the external and internal carotids and arch 
of the aorta”. And from theſe, do not the arteries 


r | * " Jeem 
*7 But this is very remarkable in the nerves, ſo called, molles _ 
and cardiaci, that they ſurround the arteries of the head and large _— 
veſſels of the heart. In the plexus pulmonalis ariſing from 1 25 
vagum, the meſenteric from the ſplenic, the facial from the du. 
rum, the frontal from the fifth, the femoral from the anterior 
| 75 | cruralis, ou 
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ſeem to derive a muſcular and convulſive force, very 
different from that of their ſimple elaſticity? Does 


not this force ſhow itſelf plainly enough in fevers, 
faintings, palſy, conſumption, and paſſions of the 


mind? But the artery is in a manner inſenſible and 
unirritable ; and if it is conſtricted by the application 
of poiſons, it has this in common with the dead ſkin, 

XXXIII. The ſectiont, or diviſions, of arteries ſhow 
themſelves with a round light or hollow capacity, 
becauſe they are elaſtic ; and this is the reaſon why, 
from the ſmall arteries of the teeth, hæmorrhagies 
are ſometimes fatal. The aorta, indeed, of the tho- 
rax and abdomen, the carotids of the neck, and ſome 
other arteries of the dead body, from their leſſened 
extenſion, appear ſomewhat flat or depreſſed; but 
Their round figure, or circular ſection, is every where 
reſtored by injection. Their elaſticity is alſo evident 
in that powerful compreſſure, which a ſegment of a 
large artery makes upon the finger that diſtends it, 
1 which is much ſtronger in a dead than in a li- 


ving body. In the living body, indeed, this force 


ields to that of the heart; but inſtantly recovers it- 
feif when the heart is relaxed, and reſtores the artery 
to its former diameter; and this makes the pulſe, 
whoſe full explication ought to be preceded by a hi- 
ſtory of the heart: at preſent it may ſuffice to ſay, 
that all the arteries have this pulſation, although the 


ſtole and diaſtole thereof can be perceived by the 


finger, only in the larger, not in the ſmaller ones na- 
turally; and in the ultimate inflection of the arteries, 
the pulſe totally vaniſhes; but, by an increaled mo- 
tion of the blood, even the lefler atterics make a vio- 
lent pulſation, as we ſee in an inflammation ”*, "Theſe 


veſſels ſtrongly contract lengthwiſe, and are rendered 
| XXXIV. 


ſhorter on diſſection. 


cruralis, it is maniſeſt that they accompany the veſſels, and ſpread 
out an infinite number of branches through their tunics. 
*8 This opinion of the irritability of the veſſels has been limi- 
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Or on preſſure depending on an external cauſe. 
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XXXIV. The ſtrength of the arteries is conſiderable 
enough : but as the denſe hard net-work of the outer 
cellular coat refuſes to yield to a diſtending force, it 
breaks without much difficulty, almoſt eafier than the 
coats of the veins; and from thence ariſe ancuriſms. 
But, in general, the trunks are, in all parts of the 
body, weaker, and the branches ſtronger, in their 
coats; whence the impulſe of the blood may cxert a 
conſiderable effect upon the former, but leaſt of all on * 
thoſe of the limbs. From hence it is, that aneuriſms 
are moſt frequently formed near the heart; for, in the 
lower extremities, the ſtrength of the arteries, and of 
the veins too, is much increaſed, as well as in the ſe- 
creting organs. 
XXXV. With regard to the courſe and general di- 
ribution of the arteries, nature has every diſ- 
perſed them through the whole animal body, except 
in a few membranes. But ſhe hath diſpoſed of the 
trunks every where in places of ſafety; er wounds 
cannot happen to the ſmaller of them without danger, 
nor to the larger without loſs of life. The ſkin is 
| ſpread with numerous ſhort and ſmall arterial trunks; 
but the larger ones, defended by the ſkin and muſ- 
cles, creep along near the bones. In general, the 
arteries are in proportion to the parts of the body 
to which they are ſent. The largeſt go to the ſecre- 
tory organs, the brain, and ſpleen; the lefler ones to 
the muſcular parts. 
XXXVI. The proportion of the light or cavity of the 
artery to its ſolid part is not every where the ſame, 
nor is it conſtant even in the ſame artery. This 
proportion, in the firſt place, is leaſt of-# at the 
heart, and increaſes as the arteries remove farther 
from it. Secondly, in a full-fed plethoric animal, 1 
whoſe blood paſſes freely, and with great force thro” | 
its arteries, the proportion of the folid parts of theſe 
veſſels is leſs than in a famiſhed extenuated * = 
whoſe blood hath a feeble motion. i; 1, \..., & > 
XXXVII. From the trunks of all the arteries bran- X50 | 
1 are forth, and "ow theſe again proceed lefſer = 
OL, 1 
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tuigs by a numerous diviſion, of which you can ſcarce 


find the end, though you may perhaps count twenty 
ſubdiviſions of this kind. Here the lights or ſections 
of any two branches taken together, always exceed 


I" the light of the trunk from whence they come, in 


* 


nearly a ſeſquilateral proportion, or as one and a 
half to one, or ſomewhat leſs. Alſo every trunk juſt 
above its diviſion is fomewhat broader or more ex- 
panded, The angles, at which the branches go out 
from their trunks, are generally acute, either half 
right angles or nearly ſo; to the forming of which 
angles, as we lee in mechanics, there is required the 
longeſt projcQion. Inſtances of their going off at right 
angles, or nearly ſo, we have in the lumbal or interco- 
ſtal arteries; of their going off in a retrogade or re- 
flected courſe, we bave one inſtance in the coronaries 
of the heart, and another inſtance in the ſpinal arte- 
Ties, which are produced by the vertebrals. But, 
generally ſpeaking, thoſe which are eſteemed retro- 
gade or reflextd, were ſent off, at their origin, in 
acute angles ; ſuch as the aſcending artery of the pha- 
rynx, the deſcending one of the palate, the umbilical 
mammary arteries, and the nutritious ones of the large 
bones. Laſtly, we often obſerve large branches ari- 
ſing under lefler angles, and ſmaller ones under greater 
angles: but it is rarely that we obſerve two arteries 
of a large diameter run together into one trunk. An 
example of this, however, we have in that artery 
which is formed out of the vertebrals: in the ſmaller 
ones it is frequent, as in both the ſpinal arteries, and 
that of the fincipital foramen, In many parts, the ar- 
teries have repeated alternate undulations or flexures, 
as they run on in a ſpiral courſe, wherein we ſes 
their diameter often conſiderably enlarged, as in the 
large inteſtines, womb, face, ſpleen, lips, and iris. 
Even the ſtraight arteries in other places, if too much 
diſtended, fall into ſerpentine flexures. Sometimes 
they are ſuddenly twiſted into a kind of circles, as 


the carotids under the mamillary proceſs, 
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XXXVIII. The artertes are frequently conjoined 
by intermediate branches, in ſuch a manner, that the 
twig of ſome certain artery ſhall run to meet one of 
the ſame kind from another neighbouring artery, and, 
by joining together with that, form one trunk. In- 
ſtances of this kind we have among the large trunks 
in the inteſtines, among the middling ones in the 
kidneys, womb, &c. and among the ſmaller in all 
parts of the body; inſomuch that there is no part of 
the human body, wherein the neighbouring arterial 
trunks, whether of the ſame or of different denomi- 
nations, do not form anaſtomoſes or joinings one to 
the other by intermediate branches. Of rings di- 
verging laterally from the arteries, and returning into 
themſelves, we have inſtances in the eye and brain. 
The extremities of the arteries, which are either cy- 
lindrical or nearly fo, ſend off ſmaller branches, which, 
for their extent, are more numerous and generally 
diſpoſed like a net; ſo that each branch, by its ſmaller 
twigs, forms anaſtomoſes with thoſe of its neighbouring 
branches: and thus we find it in all membranes. By 
this means it happens, that, though the paſſage from the 
heart to any part of an artery is obſtructed, the blood 
may nevertheleſs flow through the neighbouring arte- 
ries into all the branches of the obſtructed one. Thus 
a gangrene or languor of the part is very ſtrongly 
prevented, and the obſtruction is more eaſily reſol- 
ved by the repulſion of the obſtacle into the larger 
part of the trunk, ; 

XXXIX. Laſtly, one of the leaſt arteries is either 
changed by a continuation of its canal into a vein, int 
ſuch a manner, that the ultimate little artery, which is 
2 reflected, having ſurpaſſed the angle of its re- 

ection, becomes now a {mall vein; or elſe a braneb, 
ſent out at right angles from the artery, is inſerted 
under a like angle into the branch of a ſmall vein. 
Both theſe kinds of mechaniſm arc demonſtrated to 
us by the microſcope, and the eaſy return of injections 
through the veins into the arteries: And theſe vaſ- 
C 2 eue 
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cules we ſee ſometimes large enough to receive only 
one, and ſometimes ſeveral blood-globules at a time. 
A large artery 1s never obſerved to open into a vein. 

XL. In the viſcera, we find the ſmall arteries diſ- 
poſed not ſo much in net-works as in a different fa- 
bricature, wherein the ſmall branches deſcend very 
thick, or in cluſters, parallel to the trunk, ſo as to 
reſemble bruſh pencils, a yariety of little trees or buſh- 
es, ſmall ſerpents, or threads, according to the va- 
rious diſpoſition of the parts. | 

XLI. Sometimes the arteries end jn another man- 
ner, namely, by being converted into veſſels of the 
{ſmaller kinds. 'I heſe are ſometimes continuous to 
the arterics and real arterial trunks, as will be obfer- 
ved in the ophthalmic artery, upon tracing the arte- 
ries of the tunica choroides, or the colourleſs ones of 
the circle of the uvea and iris. That a net-work of 
pellucid arteries is continuous with the red branches 
of the ophthalmic one, is evident from inflammations, 


and the redneſs of the parts when relaxed by vapour 


or by cupping ; from repletion, and the microſcopi- 
cal experiments of Lieberkuhnius upon frogs, in 


which colourlels globules were ſeen to paſs from a 


red artery into a lateral veſſel, In a fabric of this 
kind the red blood 1s caſily forced into the ſmaller 
veſſels. | 
XLII. In other places the ſmaller veſſels ſeem to 
proceed laterally as branches from the trunks of the 
leaſt ſanguineous arteries, and are drawn out into 
trunks ſtill ſmaller. "Theſe are called excretory dudts**. 
It is with difficulty that theſe veſſels are filled with 
red blood; of this, however, we have examples in 
the kidneys, the liver, and breaſts. Indeed the blood, 
2 5 when 
32 I would rather call them ſecretory; for they properly carry 
a liquor to be ſecreted from the blood to the ways and places of 
excretion. I have almoſt always ſcen mercury, diſſolved fiſh-glue, 
or turpentine, when injeRed into the arteries after tying the veins, 
flow from the biliary, falival, urinary, and lactiferous ducts; but 


there is at the ſame time an caſy paſſage of pure blood through the 
lame canals, | 
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when vitiated, penetrates the excretory duQs of the 
whole body, even without hurting the veſſels; nor is 
that aberration found to be productive of any evil con- 
ſequence after the diſorder of the blood is cured. 
XLIII. Another termination of the arterial extre- 
mities is into the exhaling veſſels ; and this is a manner 
of their ending very frequently to be obſerved in all 
parts of the body. The whole ſkin, all membranes 
of the human body, which form any cloſe cavity, all 
the ventricles of the brain, the anterior and poſterior 
chambers of the eyes, all the adipoſe cells and pul- 
monary veſicles, the whole cavity of the ſtomach and 
inteſtinal tube, through which the air has a paſſage, 
are all of them repleniſhed with exhaling arteries 
of this kind. Theſe emit a thin, watery, gelatinous 
humour, which, being collected together by ſtanding, 
ſometimes makes no inconſiderable quantity; and, 
particularly by diſeaſe or death, 1s converted into a 
watery, but coagulable lymph. The truth of this is 


_ eafily demonſtrable from the watery ſweat that enſues 


after injecting the arteries with that liquor warm. In 
ſome >= ch indeed, they exhale not a thin vapour, but 
blood itfelf, as we ſee in the heart, the cellular fabric 
of the penis, urethra, clitoris, and nipple of the female 
breaſt; in all which the blood itſelf is naturally 
poured out. Does not every ſecretion, that is made 
in true glands or hollow cryptz, bear fome analogy 
to this exhaling fabric? 

XLIV. Whether or no, in all parts of the human 
body, do the pellucid veſſels, arifing from the ſan- 
guine ones, and carrying a humour thinner than blood, 
again ſend out ſmaller veſſels, to be ſubdivided into 
ſtill lefler orders? We ſeem, indeed, not to want 
examples of this in the manner propoſed to us by 
the moſt celebrated profeſſors ai. That the aqueous 

C 3 humouf 
* J have ſeen beyond all diſpute, a new riſe of blood. veſſcls, 


here before they were inviſible. This is very clear in the che- 


moſis; but I have alſo obſerved a net-work of veſſels on the inner 
ſurface of the dura meninges in a woman, who had a very large 
glandula 
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humour is ſeparated by very fine veſſels, generated 
from the colourleſs arteries of the iris, is very probable. 
That the red-coloured veſſels in the cortical ſubſtance 
of the brain, ſeparate a juice pervading the medul- 
lary ſubſtance, by the intermedium of another order 
of veſſels, we are almoſt certain. And the hke we 
are perſuaded from an eryſipelas or yellow inflamma- 
tion, ariſing from the yellow or ſerous globules im- 
pacted into ſmaller veſlels. | 

XLV. It may then be aſked, if there are not yellow 
arterious veſſels of a ſecond order, which ſend off 
lymphatic ones of a third order, from whence by 
degrees {till leſſer kinds of veſſels branch out? Such 
a fabric does not ſeem agreeable to the very eaſy 
tranſition that is made by the blood, mercury, or 
wax, into the exhaling and perſpiratory veſſels, or into 
the uriniferous tubuli, with the adipoſe and pulmo- 
nary cells; nor is it very difficult for the blood to 
ſtray into the lactiferous, lymphatic and lachrymal 
ducts, whither it ſhould ſeem not able to penetrate, 
if it went through any other intermediate vaſcular ſy- 
ſtem ſmaller than the blood-globules, which make the 
Tame journey. Nor can it be admitted, from the great 
retardation, which the humours muſt, in a third 
order of veſſels, meet with from this mechaniſm, and 
which 1s continually to increaſe in proportion to their 
diminiſhed ſize. 

XLVI. The Veins, in many particulars, reſemble 
the arteries**. There are fix, of which two anſwer 
to the aorta, and the remaining four to the pulmo- 
nary artery. 'Their baſis is in the ventricles of the 
heart, and their apices in the extremity of each branch, 
through all parts of the body, excepting one inſtance 

In 


glandula thyroidea, which by compreſſiag the jugular veins ob- 
ſtructed the regreſs of the blood from the cranium : the ſame 
thing happens upon the lungs, liver, and other viſcera, _ 

We ought to count ſeven trunks of veins; for the vena por- 


tarum, conducting its contents through ſo many windings, at 


length pours them into the venæ hepaticz; ſo that it is altogether 
£9 be reckoned a very ſingular trunk. a ä ö 
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In the liver. And, in a great number of parts they run 
parallel with the arteries, one by the ſide of the other; 
but yet they differ from the arteries in various reſpects. 

XLVII. The fabric of the veins is ſlender, every 
where ſmooth, difficultly ſeparable into diſtinct coats 
or membranes, like the arteries; and the cellular tex- 
ture ſurrounding this fabric is very caſily diſtended. 
This fabric, both above and below the heart, is ſur- 
rounded, except in one place, with muſcular fibres, 
Every where, however, it is lax like the cellular tex- 
ture of the arteries by which they are joined to the other 
parts of the body. Notwithſtanding this ſlender fabric, 
the veins are every where ſufficiently firm, and do not 
eaſily burſt with inflated air; being, in moſt inſtancesy 
ſtronger than the arteries themſelves. But they burſt 
much more eaſily in living than in dead animals, as 
appears from morbid inſtances in the arm, face, leg, 
thigh, &c.*3 Nor do they ſupport themſelves like 
cylinders after being divided, but they collapſe toge- 
ther, ſo as to make their light or capacity appear 
like a flit; except they are ſuſtained and hindered 
from thus collapſing by ſome ſtronger cellular ſub- 
ſtance placed round them, as we ſee in the liver and 
womb. They are but ſlightly irritable, unleſs the ſti- 
mulus be of the chemical or more acrid claſſes; for, 
in that caſe, they contract themſelves with a convulſive 
force greater than that of the arteries. They have no 
pulſation, if we may truſt all accounts, unleſs the ve- 
nous channel is ſomewhere obſtructed; or when, in 
dying people, the blood is thrown back again from 
the right auricle into the deſcending and ee 
cava, or when falling back from the brain. 

XLVIH. The veins are much larger than their cor- 
reſponding arteries, having the ſquare of their dia- 
meter often double or triple, and almoſt quadruple; 
as near as the emulgents and veſſels of the kidneys. 
In general, however, the diameter of the veins is 

C 4 .to 

*3 I know very lamentable caſes of roptured varices in differs 

ent places in cbild-birth, 
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to that of the arteries as nine to four; yet the capa- 


city of the capillary veins but little exceeds that of 
the arteries which accompany them. They differ like- 
wiſe from the arteries in their diviſion, having more 
numerous trunks and branches“; for to one artery in 
the limbs, we uſually meet with two veins, "The larger 
veins are alſo branched in a more net. like diſpoſition, 
by forming more frequent anaſtomoſes one with an- 
other; for not only the ſmaller branches, but even 
the larger trunks, of the veins, are conjoined one to 
the other within its neighbourhood, upper with lower, 
and right with left, by apparent inlets or inoſcula- 
tions. They affect to run near the ſurface of the 
body; and through the limbs, neck, and head: they 
run a long way coyered with little more than the 
bare ſkin, which is a circumſtance we very rarely 
obſerve in arteries; and, for the ſame reaſon, they 
often go out in their courſe, to a conſiderable diſtance 
from the arteries. For, in this cale, the veins fol- 
low the ſurface of the parts next the ſkm, without 


their correſponding artery, which, in the mean time, 


deſcends to a conſiderable depth, attended in its 
courſe by ſome ſmaller venous branch. In the 
ſmaller branches of the veſſels, where they make net- 


like diſpoſitions in the membranes and the internal fa- 


bric of the viſcera, the veins and arteries commonly 
run contiguous one to the other; but here the veins 
have generally a leſs ſerpentine or inflected courſe. 
XLIX. In the larger ſanguineous veins, little valves 
are found in great plenty. The innermoſt membrane 
of the vein, being double, riſes into the cavity of the 
veſſel like a curtain, ſtretching itſelf farther alon 
the vein every way, ſo as to form what may be called 
a kind of little horns ; but the baſis, which is the part 
that ſuſtains the weight of the blood, is ſtrongeſt, and 
| grows 


24 There are examples almoſt every where in the body, par- 
ticularly in the ſmaller veins; hut even in the larger they are to 
be found, as the external jugular, vena portarum, azygos, cephalic 
aud baſilic, magna ſaphena, with which no arteries correſpond. 
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grows out of the yein in the ſhape of a circular ſeg- 
ment. . Theſe, joined with the fide of the proceeding 

vein, intercept a ſpace of which the outer fide is the 
vein itſelf, and the inner the valve, which, by its con « 
vexity, ſtands out within the bore of the vein; fo that 
the parabolic ſpace or hollow mouth of the valves al- 
ways looks towards the heart: they are found in all the 
ſubcutaneous veins of the limbs, in thoſe of the neck, 
face, tongue, and in the veins of the penis: at the 
origin of the larger branches there are two, three, 
four, and ſometimes five of them together, while in 
their ſmaller branches they are only ſingle. There are 
none of theſe valves in the deep- running veins of the 
viſcera; and, therefore, none in thoſe of the brain, 
lungs, heart or liver, or through the whole ſyſtem of 
the vena portarum**, nor in the kidneys or womb 
(except one or two valves in the ſpermatic vein); nor, 
laſtly, are there any in thoſe ſmaller blood-veins, which 
are of a leſs diameter than the twelfth part of an inch. 
Sometimes, though rarely, they are found in the vena 
azygos“, and at the mouths of the hepatic and renal 
veins : there I have ſeveral times obſerved a ſort of 
wrinkles in the place of valves. In the ſmaller ve- 
nous branches there are a ſet of long, ſharp-pointed 
or parabolical valves, of a more extended figure as 
the vein is ſmaller; and theſe make a greater reſiſt- 
ance than the larger valves, to hinder the blood from 
returning back upon the parts. 

L. The veins have their origin, as we ſaid before, 
from the terminations of the arteries. They ſome- 
times ariſe by a continuation from the inſerted branches, 
or from a reflection of recurved trunks of the ſmalleſt 
arteries “. Others again are either continued from 


veins 

25 In the ſyſtem of the vena portarum of many quadrupeds, I 

have fourd numerous valves; and on that account waz unable to 

fill the veins of the inteſtines, as in man, through the trunk of the 

vena portarum. 

Not before the ramifications of the azygos touched the muſ- 
cles; for they commonly there reſiſted my injection. 

It is proved from microſcopical obſervations on fiſhes, Hay 
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veins leſs than thoſe which carry blood, or elſe receive 
additions and roots from them; as we ſee, for inſtance, 
in the lymphatic veins of the thoracic duct. Others 
of a bibulous kind take their origin from the ab- 
ſorbing veins, that are diſperſed all over the ſurface 
of the body, as in the chambers of the eyes, the ca- 
vities of the inteſtines, bladder, womb, breaſt, perito- 
næum, pericardium, and ventricles of the brain. 
From theſe a watery ſweat iſſues, by injecting the ve- 
nous trunks with that kind of liquor, which may be 
eaſily imitated throughout the whole human body: 
hence water, jelly, or oil“, diſtil from the vena por- 
tarum into the cavity of the inteſtines; hence alſo 
water, injected into the abdomen of a living animal, 
quickly vaniſhes: but of theſe things we ſhall ſpeak 
more largely in a proper place. 

LI. From the former thoſe veins do not much differ, 
which, ariſing in all parts of the cellular membrane, 
return thin vapours, dropfical waters, diſſolved fat, or 
extravaſated and corrupting blood, and the poiſon of 
opium introduced into the cellular texture, again into 
the maſs of the blood; or which reabſorb and return 
the blood itſelf from the cellular fabric of the penis, 
clitoris, or nipples of the breaſts after coition. And 
that inhaling veins of this kind open into all the 
glands, is highly probable ; where, by abſorbing the 
thinner humour, they leave the remaining mals of a 
thicker conſiſtence; of which we have inſtances in 
bile, ſemen, mucus, &c. 

LII. That there are veins of a ſmaller claſs, but 
reſembling thoſe which convey blood, appears from 
the fame experiments which demonſtrate the pellucid 
arteries : thus in the iris of the eye there are ſmall 
veins, and not a few in the adnata tunica of that or- 

gan; 
the very eaſy paſſage of the blood from the arteries into the veins, 
and ſucceſsful injections of the veins through the arteries, that by 
far the greateſt part of the veins ariſes from the arteries without 
any body intervening. 

#8 No liquid has a more eaſy tranſit from the veins into the 


iateſtines than mercury has, whole eſtes I have often enough ex- 
perienced. | 
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gan; nor is it to be doubted that, in a healthy body, 
ſmall pellucid veins*? may be found in the vitreous 
body of the eye itſelf. 

LIII. But, in moſt parts of the human body, are 
found other veins , full of a reddiſh, yellowiſh, or al- 
moſt pellucid liquor, coagulable by heat ; which veins, 
being formed of very tender coats, have a degree of 
irritability from any chemical or very acrid ſtimulus, 
They have very frequent valves or partitions, which 
make them ſeem in thoſe places jointed or knotted 
like a reed when they are turgid; thele, by degrees, 
meeting together, either all or moſt part of them empty 
their contents into the thoracic duct. They ariſe from 
the cellular texture throughout the whole body, as I 
long ago learned concerning the*JaQtiferous veſſels of 
the breaſts, the vaſa efferentia of the teſticles, the lym- 
phatics which originate from the meſenteric glands; 
and as is now ſhown to be the caſe with the lymphatic 
veſſels of the teſticles, ſpleen, and other parts. From 
analogy, eſpecially from hydropical appearances, it is 
very probable that they ariſe likewiſe from the large 
cavities of the body; nor 1s it improbable that this kind 
of veſſels receive a thin humour from veins of the 
ſmalleſt ſize. But all the lymphatics, in their courſe, 
meet together in a peculiar kind of conglobate glands, 


into 


* Thave obſerved both from anatomical injections, and from in- 
flammation, thoſe numerous veins of the capſule of the lens, and 
of the vitreous humour. 

39 A new genus of veſſels, to be diſtinguiſhed from others 
by the name of abſorbentt, undoubtedly pervades the whole body, 
whoſe knowledge, ſtudy, and accurate inveſtigation, throws 
light upon the whale ſcope of medicine. It is out of all doubt, 
that it is different from the ſanguiferous veins, nor can they be 
filled through the ſame; and if we take into account all the ex- 
periments which have been ſet on foot by Jolyff, Rudbeck, Bar- 
tholin, Nuck, Salzman, Hunter, Monro, Meckel, Sograf, Hew- 
ſon, and Walter, for the ſake of elucidating that ſyſtem, a double 
genus of veſlels hence ariſes, in regard to the liquor they convey, 
viz, the lacteal, originating from the inteſtines, its courſe being 
directed through the meſentery towards the recptacle of the chyle; 
the other, the erde coming from all the reſt of the body and 
its cells, and joined with the former in many places. 
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into which they enter; and, from the ſhape of veins, 

becoming arterial, or like converging cones, they di- 

vide into ſmall branches, and then proceed to meet 
ether again in other little trunks, 

LIV. Theſe glands themſelves are, as it were, 
only ſmall clues 3* of lymphatic veſſels connected by 
a cellular texture, into which the arterial liquor ex- 
ſudes, and is conveyed from the ſame by the veſſels 
which ſerve to bring back the lymph. They are co- 
vered with a continuous membrane almoſt of an oval 
ſhape; and this is the caſe, whether they are fingle or 
heaped together: and they chiefly follow the courſe 
of the veins through the whole trunk of the body, 
even to the tops of the limbs; running along the ju- 
gular and ſubclavian ** veins, the vena cava fuperior, 
the aſpera arteria, gullet, lumbal vena cava, vena 
porta, the iliac, hypogaſtric, and crural veins, the 
veins of the thigh, and likewiſe the veſſels of the ſto- 
mach, ſpleen, meſentery, and meſocolon. 

LV. They are found ſcated on all the ſurfaces of 
the viſcera, in the thorax and abdomen ; but are more 
eaſily diſcovered in brutes. They run throvgh the 
lower part of the face, muſcles of the tongue, the ad- 
jacent parts of the neck, and thoſe parts of the upper 
limbs which are neareſt the trunk, as far as the bendin 
of the elbow 3*; throughout the whole length of the 

media- 


37 It is now certain, from the experiments of Hewſon and my 
own, that the lymphatic and laQeal glands do not, as has been 
imagined, conſiſt of cellular texture, as if reſembling a ſponge, 
into whoſe, cells the other lymphatic veſſels might empty their 
liquors, and others again might take vp the ſame; but that they 
are a combination, as it were, and conjunction of ſeveral [lymphatic 
veſſels; many of which are indeed divided intolefs branches, from 
which larger branches ariſe : which ſtructure, however, by no 
means interrupts the ſeries, nor prevents the fluids from moviug 
through the gland. 

3 New ones have been deſcribed by Camper in the interior 
ſurface of the ſternum, ſituated near the mammary veſſels, very 
neceſſary to be known for underſtanding cancers of the mammæ. 

33 As the preſence of abſorbent veſſels has been demonſtrated, 
bath lymphatic and lacteal, in many claſſes of animals, as thy birds, 

viz. 
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mediaſtinum, before and behind, and wherever we 
find conglobate glandules, either in the neck or tho- 
rax: the lymphatic veins are alſo ſpread through the 
whole lumbal region that 1s contiguous to the aorta, 
the meſocolon and pelvis, veſſels and ſurface of the 
teſticlez and in the lower limbs, wherever they are 
ſupplied with conglobate glandules, even to the knees. 
Whether they extend further into other parts through- 
out the whole body, or through the brain, eyes, hands, 
feet, back, fore part of the peritonzum, &c. remains 
as yet undetermined; at leaſt, there are not examples 
enough in the human body upon which one can de- 
pend to evince the truth of their exiſtence. But 
they are every where to be found upon the ſurfaces 
of the viſcera. They are almoſt every where col- 
lected into bundles not far from the large blood- 
veſſels. Thoſe from the inferior limbs, pelvis, and 
loins, run into one duct, which is joined by another 
bundle coming from the liver, ſpleen, and ſtomach); 
and that trunk at length becomes the thoracic duct. 
The ſuperior veſſels, from the whole extent of the 
breaſt, the head, and ſuperior limbs, empty themſelves 
into the ſame duct towards its upper extremity. 
They ſeem, however, likewiſe to terminate in the red 
veins 34, | 

LVI. Of what ſervice theſe glands are to the Iym- 
phatic veſſels is not well known. In the fœtus they 


are 


viz. the gooſe, Indian cock; amphibia, viz. the tortoiſe; and like- 
wiſe in filhes; ſo I have ſeen them in quadrupeds and man, in the 
hands and feet, the brain and eye. It is therefore probable, that 
ſcarce any part exifts, quite devoid of them : many are found al- 
ways upon the viſcera, as in the liver, ſpleen, kidneys, mammæ, 
lungs, ovaria, uterus, teſticles, &c, nor are they wanting in the - 
cavities, of the joints. 

34 From my own trials, at leaſt, I am certain, that the lym- 
phatic veſſels ia many places pour their contents into the neigh- 
bouring veins ; for from the inguinal and lumbar plexns, I have 
evidently ſeen conſiderable branches ſent to the erural vein, and 
the vena cava itfelf, and from the thoracic duct to the azygos: 


but experiments ſhquld he repeated, before we aſſert a thing to be 
univerſally fact. | 
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are ſwelled with a milky liquor, as alſo the thymus 
and glandulæ renales; but it is not certain whether 
this juice is poured out into the cellular texture. It 
is rendered probable by late experim :nts, that ſome 
kind of juice is prepared in theſe g.ands, which is 
mixed with the lymph ; and that a thin humour, in- 
jected into the arteries, likewiſe en ers the lymphatic 
veſſels . By age, this juice vanithes ; and the glands 
themſelves, being dried up, almoſt t. rally difappear. 
A very ſudden ſcirrhus happening to theſe glands 
ſeems to be the cauſe of their decay. 

LVII. The valves of theſe pellucid veſſels (LIII.) 
are compoſed of two ſemicircular membranes, which 
give way to the fluid that goes towards the larger 
trunks ; ſo that, by applying themſelves cloſe to the 
ſides of the veſlel, they leave a free light or capacity 
through it. But the ſame valves, if the contained li- 
quor is preſſed back towards the ſmaller branches of 
the veſlel, being filled out therewith, {well or expand, 
ſo as to ſhut up the light of the canal. 


K 


Of the CIxcuLATION or MoTioN of the BLoop 
through the Arteries and Veins. 


LVIII. HE arteries and veins, which we have 

hitherto deſcribed, contain either blood 
or lymph. The red blapd, whoſe nature we ſhall 
explain when we come to treat of ſecretion, fill: the 
arteties and veins commonly known, which we call 
red, or thoſe of the firſt order, and which have their 
origin in the heart. Theſe it fo fills in a living per- 
ſon, that at ſome times they are very looſely and im- 
| 2 perfectly 


35 I have ſometimes accidentally filled conſiderable plexus of the 
Iymphatic veſſels in the liver, lungs, and ovaria, through the arte- 
ries; but I muſt confeſs, that before this happen, the liquor ſhould 
be far more frequently poured out from the veſſels into the cellular 
texture than into the canals of the lymph. But frequently, in 
dropfical perſons, I have ſeen the lymphatic veſſels ſufficiently 


large, to equal a quill's thickneſs in a droplical oyarium, 
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perfectly diſtended by it, and at other times they are 
rendered very full and turgid. After death, the 
veins are found fuller of bleod than the arteries ; 
but ſometimes. when the pe: ion has been dead a con- 
ſiderable time, the ſmall veins have been found diſ- 
tended with air. But the arteries of a dead body com- 
monly contain only a ſmall quantity of blood. 

LIX. This diſtending blood, then, is rapidly moved 
through all the veſſels of a living body. The truth of 
which is demonſtrated to us from wounds, by which 
the patient ſoon 2xpires from the loſs of ſo much blood 
as was neceſſary for the maintenance of life; which 
loſs of blood happens almoſt inſtantly from the larger 
arteries, and ſometimes very ſuddenly from the ſmaller 
ones: but from the veins, unleſs they are ſome of the 
largeſt, this loſs of blood is more flow and difficult; yet 
are there not wanting inſtances of fatal hemorrhagies 
from wounds of the veins, in the inner corners of the 
eyes, and thoſe under the tongue“. Experiments 
made upon living animals ſufficiently evidence the 
impulſe and rapidity with which the blood is moved, 
particularly through the arteries”, In the larger 
trunks, it runs molt ſwiftly ; but in the leaſt of them, 
ſomewhat flower. And, in the larger veins, the 
blood*s celerity is leſs than in the arterial trunks, 
in the ſame proportion as the lights or ſections of the 
arteries are leſs than thoſe of the veins, 1. e. twice or 
almoſt thrice flower. Another argument of the cir— 
culation, is the coinpreſſure and relaxation of a vein, 
whereby the motion of the blood is promoted from 
one valve to another. This motion of the blood is, 
in the veins, uniform or equable enough; but in 
the arteries it is alternately greater when the veſſel is 

more 

35 There are likewiſe examples of hemorrhagies from the frontal 
from anger, and likewiſe from the ſmall ſaphena in a gravid woman, 
which threatened death, in whom I tried the opening of the veins. 

37 The height to which blood from cut carotids aſcende1, ac. 
cording to Hales's calculation, I ſaw confirmed in robuti men 
who had been ſentence! to die, to wit, about ſeven feet ; with 


this difference, however, that in two examples the blood ſprung 
bigher from the vertebral than from the carotid veins, 


Ws 
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more dilated, and leſs when it 1s contracted. This is 
proved by ocular inſpection in living animals. 

LX. !hat the motion which the blood deſcribes, 
is a courſe through the ſanguineous arteries into the 
veins, is diſcovered from experience. For, firſt, it is 
certain, that all the arteries and veins communicate 
or open one into the other; becauſe often, from one, 
and that a ſmall artery, all the blood ſhall run even 
until death, and make all the fleſh exceedingly pale; 
and this not only out of the wounded limb, but from 
the whole body. Of ſuch fatal examples we have a 
number from an inner artery of the noſe, from the 
gums, a finger, tooth, cutaneous pore enlarged, from 
the lachrymal point, from the wound of cupping on the 
ſkin, and even the bite of a leech. There are, there- 
fore, of courſe, open ways, by which the blood ſpeedi- 
ly flows from the venous into the arterial ſyſtem. 

LXI. That the blood, again, in the arterics, flows 
fronr the heart toward the extreme parts of the body, 
is proved by the microſcope, and by a ligature on the 
artery of a living animal s. For whatevever artery 
ſhall be ſtopped by a hgature, the ſwelling enſues in 
that part berwixt the heart and the ligature, whilſt 
the other part is emptied beyond the ligature, which 
1s the part of the artery more remote from the heart: 

neither has it there any pulſation ; nor if it be there 
wounded, will it yield any blood. The ſame effects, 
which we ſee follow from a ligature, are likewiſe often 
produced by diſeaſe; as when fome tumor, by com- 
preſſure, or an aneuriſm, intercepts the blood's mo- 
tion from the heart. Experiments of this kind have 
been made on moſt of the arteries; anaſtomoſes, 
however, or the blood flowing through a neighbour- 


3 ing 


:3 Among the arguments which evince the real direction of 
the blood from the heart into the arteries, the fabric, mechaniſm, 
and proportion of the ſemilunar valves between each artery, and 
the ventricles in all quadrupeds, by no means ought to have been 
overlooked; for it is abſolutely hindered by them from relap- 
fiog from the arteries do the heart. FE th 
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ing branch, or the retroceſſion of the blood in a 
dying animal, form exceptions to this rule. 

LXII. But of the courſe or motion of the venous 
blood, it has been always more doubted; almoſt all 
the ancients have been perſuaded, that the blood in 
the veins flowed through them, either from the heart 
or from the liver, to all parts of the body. Very 
few of them have known that this was an error. 
Several of them have, indeed, acknowledged it to be 
falſe in the pulmonary vein. But that the blood did 


not move from the heart in the vena cava was known 
to ſtill fewer anatomiſts of the ancients; only to An- 


dreas Cæſalpinus by chance, and (from an extraordi- 
nary accident) to Veſalius. | 
LXIIL Dr William Harvey is the firſt who experi- 
mentally aſſerted the motion of the blood returning in 
the veins to the heart, in ſuch a manner as to render 
the whole intelligible, and leave no room to doubt of 
it. And, firſt, the valves of the veins lead us to this 
truth: for the common uſe or office of theſe valves is, 
to determine the preſſure that is given from any quar- 
ter upon the veins, towards the heart, by allowing no 
opportunity to the venous blood that has once entered 
the trunk, which they intercept, to flow back to the 
branches. For, ſince the covering ſpaces of the valves 
open upwards towards the heart, the blood enters and 
expands them. Thus thoſe parts of the valves which 
project freely into the cavity of the vein, approach 


towards the axis, until the oppoſite fides by meeting 
together ſhut up the tube. This we know from 1n- - 


flations, ligatures, and injeCtions of the veins; for 
you never can force a liquor eaſily into the veins b 
propelling it againſt their valves. They do not, in- 
deed, every where ſhut up the whole cavity of the 
veins ; but where they ſhut not cloſe, they always in- 
tercept the greateſt part of the light. 


LXIV. Another office of the valves in the veins 


ſeems to be for ſuſtaining the weight of the blood, 
that its upper columns may not gravitate upon the 
Vol. I. D | lower ; 
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lower; nor the blond, flowing through the trunks, 
make too great a reſiltance againſt that which follows 
it through the branches. For it, from the flower mo- 
tion of the blood, its weight or preſſure ſhall, in any 
part, much exceed the impulſe that drives it on, fo 
as to cauſe ſome part of the column to deſcend by its 
weight; it 1s, in that caſe, immediately catched, and 
ſuſtained in its relapſe by the next adjacent valve, 
which hinders it from urging againſt the next ſuc- 
ceeding column, and affords time and opportunity for 
ſome contiguous muſcle, by its preſſure or concuſſion 
to propel the ſaid column. And this is the reaſon 
why valves are placed in the veins of the limbs and 
neck ; in which parts they are both more numerous 
and more. robuſt than ellewhere. And this .is the 
caule of varices, when the blood, entering the hollow 


valves, urges their folid convexity downwards, and 


makes the vein dilate in that part. Likewiſe, in 
muſcular action, the valves are the cauſe of the whole 
effect of the preſſure which the veins ſuſtain, forward- 
ing the blood in its due courſe towards the heart. 

LXV. Moreover, the valves, placed in the right 
ventricle of the heart, have ſuch a fabric, as we ſhall 


hereafter ſee, that they freely permit blood, air, or 


wax, to pals from the venous trunks of the cava into 
the- heart, but deny any reflux from the heart into 
the veins, . 

LXVI. Again, ligatures, in a living ts may 
make the thing more evident. When the veins of the 


limbs are tied, either by deſign or accident, with the 


limb itſelf about the hams, arms, ancles, or wriſts, the 
limb below the ligature ſwells, the veins fill and diſ- 
tend themſ-lves, and when opened make a free diſ- 
charge of blood: but at the ſame time nothing of this 
kind happens above the ligature, nor are any of the 
veins to be ſeen there. The ſame phenomenon hap- 
pens when the veins are compreſſed by ſwelled and 
icirrhous glandules in the viſcera ; and from poly- 
puſes the veins are often greatly ſwelled or enlarged 

into 
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into tumors. Theſe ligatures will ſerve to keep the 


blood in any limb round which they are tied, that ix; 
may not return to the heart and be loſt through a a2 


wound 1n another part. | 4 | 
LXVII. The experiments, to prove this courſe of 
the blood, which have been made in living animals, 
are {till more accurate. From them, even from our 
own, it appears, that by tying any vein, in a living 
animal, near the cava, or belonging to the pulmonary 
yeins, that part always ſwells which is molt remote 
from the heart, all below the ligature appearing diſ- 
tended with the retained blood, while above and 


next the heart they are pale and flaccid. Laſtly, it. 
the arteries are tied at the ſame time with the veins, 
theſe laſt remain flaccid and empty; but, upon re- 


moving the ligature from the arteries, the veins are 
immediately filled. 
LXVIII. In like manner, the infuſion of poiſons or 


medicinal liquors ſhow, that, into whatever vein you 


inject chemical acid ſpirits, the blood is driven along 
with the force of the poiſon to the heart itſelf. But 
when, from this cauſe, the brain is affected with the 
narcotic virtue of opium, and the inteſtines and ſto- 
mach with the virtue of purgatives and emetics, this 
is a demonſtration that the blood, with which theſe ſub- 
ſtances were mixed, had pafled through the ramifica- 
tions of the veins to the heart, and from thence thro” 
the whole body. | 
LXIX. Another proof we have in the transfuſions 
of blood; in which all the blood from the arteries 
of one animal is urged into. the veins of another ex- 
hauſted of blood; whereby the heart, arteries, and 
empty veins of the latter become ſo turgid and well 
repleniſhed, that they work the whole machine of the 
animal with a „ degree of vivacity, or even 
cauſe it to labour under a plethora. 4 
LXX. But that the blood paſſes from the leaſt ar- 
terĩes into the leaſt veins, we are clearly taught by ana- 
tomical injection; where, by one arterial trunk, we 


eaſily fill all the arteries and veins, almoſt throughout 
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the whole body; provided the liquor be watery or very 
fluid, ſo as to paſs caſily in the veſſels of the head, 
meſentery, heart, and lungs. 

LXXI. Laſtly, the microſcope has put the matter be- 
yond all doubt in the pellueid tails, feet, and meſen- 
teries, of animals; where we ſee that the blood, 
brought to the extreme parts by the arteries, is poured 
either into {mall veins, continuous with the reflexed 
artery, or elſe goes through branches of the arterial 
trunk into the parallel communicating vein, by which 
it goes on to the parts neareſt the heart. This is the 
way in which the blood paſſes as well into the leaſt 
veins which are capable of receiving only one glo. 
bule, as into thofe that are ſomewhat larger, being 
able to admit two or more globules to advance 1or- 
ward in a breaſt. But that there is no ſpongy or paren- 
chymous interpoſition betwixt the arteries and veins, 
in the general courſe of the circulation, is proved both 
from microſcopes and injections. For if there were 
any ſuch parenchyma or ſpongy maſs betwixt the ar- 
teries and veins, the hardening injections would ſhow 
it, by appearing extravaſated i in a like unſhapen maſs. 

LXXII. The circulation of the blood is, therefore, 
now received by every one as a medical truth; name- 
ly, that all the blood of the human body is carried 
through the aorta, from the left cavity of the heart, 
to the extreme parts or converging ends of the arte- 
rial branches; from whence the whole maſs is again 
tranſmitted nts the leaſt veins, which convey it to the 
larger, and from them into the cava and heart itſelf; 
in which courle it poppy goes and returns du- 


ring lite. 


LXXIII. Yet there are ſome inſtances where, by 
paſſions of the mind, a ſudden revulſion by copious 
 Dlood-letting, or convulſions, the blood has been 
forced to recede back from the ſmaller into the 
larger arteries ; and, on the other ſide, where an 
obſtruction being formed above the valves, the 


blood has been known to flide back from the venous 


trunks 


. 
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trunks into their ſmaller branches. But then theſe 
accidents are very momentaneous or ſudden, and the 
blood ſoon returns into its natural courſe. Theſe 
things happen moſt frequently in the abdomen and 
vena portarum. 

LXXIV. The courſe of the humours in the lym- 
phatic veins which have valves, appears both from the 
nature of thoſe veins, and from ligatures: for ever 
lymphatic vein tied ſwells betwixt the ſmaller extre- 
mities of it and the thoracic duct; but grows flaccid 
betwixt the ſaid duct and the ligature. All the valves 
in theſe, like thoſe of the blood-veins, give a tree paſ- 
ſage for flatus and mercury to flow to the thoracic 
duct: but they make a reſiſtance, and often an obſti- 
nate one, to any return the other way; although 
ſometimes they have been known to yield 39. 

LXXV, The vapours that moiſten the whole cellular 
ſubſtance, the ſteams of the abdomen and other ven- 
ters, are all thus drunk up by the leaſt pellucid veins, 
and fo conveyed to the blood-veins, that their con- 
tained juices may paſs on to the heart: and from 
thence it is, that edema enſues, when a vein is com- 
preſſed by a ligature ; becauſe by intercepting the 
courſe of the abſorbing veins by the ligature, the va- 
pours ſtagnate unabſorbed. In the other ſmaller veſ- 
ſels, we can make no experiments: but they appear 
conformable to what we have ſaid, both from reaſon 
and analogy; and are likewiſe ſupported by the ex- 
periments of- water or other liquors, abſorbed out of 
the cavity of the 'inteſtines, thorax, and pulmonary 
veſicles, _ | | | 

LXXVI. All juices, therefore, in the human body, 
are drove out of the heart into the aorta; from whence 
they are all returned again to the heart by the leaſt 

D 3 | veins; 


39 T have ſometimes found that they admit a fluid in a contrary 
direction, when I was puſhing air through the lymphatic veſſels 
of a dropfical ovarium into the leſſer plexuſes, and mercury from 
the thoracic duct into ſeveral lacteal veſſels of the meſentery, and 
the lymphatics ot the loins and pelvis ; it goes backwards alſo in 
the hepatic plexuſes: but I conſeſs I never ſucceeded in the joints, 
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veins; thoſe humours only excepted, which are ex. 
haled or diſcharged withoutſide the cavities of the 
body. To complete this circle, it only remains for 
us to find out a courſe for the blood, from the right to 


the left cavities of the heart: but then this ſuppoſes us 


to be firſt acquainted with the hiſtory of the heart, 
and the pulmonary veſſels. 


CHAP, V. 
Of the HEART. 


LXXVII. HE fabric of the thorax, compoſed of 
L bones and cartilages in general, re- 
ſembles a truncated cone, as we ſhall afterwards re- 
mark. The lateral parts of this cone are two mem- 
branous bags, terminated above by an obtuſe end at the 
firſt rib, where they he very near together, and are 
diſtinguiſhed by the interpoſed cellular ſubſtance only. 
The obliquity of the plane, dividing theſe two bags, is 
ſuch, that the right is much the broadeſt, and ad- 
heres in its deſcent-all along to the whole middle of 
the ſternum; but, in its deſcent, is inclined to the left 
ſide, and comes from the margin of the ſternum itlelf; 
while the left bag deſcends, not from the ſternum, 
but from the cartilaginous ends of the ribs, The 
inner central ſides of theſe bags, oppoſed one againſt 
the other, make up what anatomiſts call the media- 
/tinum. Thele bags have no where any communica- 
tion one with the other; ſo that the right may be 
opened, and the lungs therein may be deſtroyed, with 


out injuring the left. But the ſimple denſe mem- 
brane, which forms theſe bags outwardly inveſted 


with the cellular ſubſtance, is called the pleura ; being 


harder than the peritonæum, eſpecially where it ad- 


heres to the back; but is ſomewhat ſofter in its fore 
part, and is almoſt deſtitute of feeling“. The capa» 
| city 


10 It indeed wants that degree of ſenſibility which other parts 
ſhow that are furniſhed with more nerves; but whether the 
| - 207 Bs | | pleura, 
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city of the mediaſtinum, or that interval which lies be- 
twixt the right and left bag, broadeſt above, and like- 
wile below, contains the thymus, and ſome conglobate 
glandulcs, fat, and veſſels, and, in ſome diſeaſes, pus. 
LAX VI. Below, the fame bags. growing broader, 
depart one from the other, and leave a capacity thro? 
the whole middle part of their extent, by which the 
ſaid bags are divided one from the other. And this 
capacity is that of the pericardium. But the bags of 
the pleura on each ſide of the pericardium, deſcending 
both before and behind it, terminate finally on the 
diaphragm, about the fifth or ſixth rib; and on this 
their baſe. is cut off obliquely, fo that each cavity is 


before ſhorter in the fore part, as behind they deſcend 


longer and lower, in ſuch a manner as to be hollow in 
the upper part. Theſe bags contain the lungs. The 


back parts like wiſe of theſe bags are more tender; 


and though they lie near to each other, are yet 
ſeparated by the cellular ſubſtance which terminates 
in the pericardium, and includes the aorta, togetier 
with the œſophag us; and this we call the poſterior 
mediaſtinum. The triangular productions of the ſides 
of the mediaſtinum form the ligaments of both lobes 
of the lungs. 

LXXIX. The pericardium, or third bag, which firſt 
the cellular ſubſtance, and then the conjoined pleura, 
looſely cover on all fides as an outer coat, touches 
the ſternum indeed but by a very [mall part; ſince 


the lungs, when diſtended, cover the heart almoſt 


wholly betore, and interpoſc betwixt the ſternum 
and pericardium in their lower part; and the me- 
diaſtinum, gradually diverging towards the left fide, 
forms quite a narrow interval under the lower end 
of the thymus, cloſe to which the lungs mcet on each 
de: but this ſituation you will derange, unleſs you 
are very careful in your manner of opening the 

D 4 | thorax 


pleura, in proportion to its want of nerves, is perfectly deſtitute 


of che feeling power, we ſhall, when opportunity overs, make fac» 


ther inquiry (CCCLRXV). 
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thorax. The pericardium has a broad, but ſomewhat 
round, bafis, adhering to the tendinous part of the 
diaphragm, and by a ſmall part to the fleſhy fub. 
ſtance of the ſeptum on the left fide about the fifth 
or fixth rib. In young ſubjects it adheres more laxly; 
but in adults very firmly, by the cellular ſubſtance 
fpreading broader to the right and narrower towards 
the left. It is ſomewhat larger than the heart; which, 
therefore, may move! freely therein. This membra- 
nous capſule or fence of the heart, was neyer known 
to be abſent . 

LXXX. Upwards the pericardium grows gradual. 
ly narrower, ending above the heart in an obtuſe coni- 


cal appendix, extended over the coats of the large 


blood - veſſels almoſt to the upper edge of the ſternum. 
It adheres firſt to the inferior branch of the right ſu. 
perior pulmonary vein; then to the vena cava; after 
that to the aorta, on its acceſſion to which it riſes high» 
er up; then it adheres to the deſcending trunk of the 
{ame veſſel, and to the ductus arterioſus; from hence 
it is ſpread upon the left branch of the pulmonary 
artery; then on both branches of the left ſuperior pul- 
monary vein. On the back part it is again attached 
to the right pulmonary vein; then to the left ſinus, to 
both pulmonary veins on the left fide, and to the au- 
ricle of the ſame fide; from thence it proceeds a long 
way from the pulmonary vein even to the inferior ca- 
va, then to the ſeptum of the ſinuſes, then to the in- 
ferior cava. Beſides, it goes to the pulmonary artery, 
Its right branch, and the aorta under the origin of 
the large branches, in ſuch a manner as to ſurround 
both arteries with a cylindrical production of its ſub- 
ſtance, whence it appears like a kind of partition be- 
tween every two neighbouring veſſels. Thus alſo it 
contains the vena cava ſuperior as in a ring, the ante- 
rior and poſterior cavities of the pericardium being 

| 8 freely 


47 Nor 1s it really wanting in ſome quadrupeds, as the hedge- 


hog, to which it has been refuſed, but only more tightly tied ta 


the heart. 
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freely continued between that vein and the aorta, In 


hke manner it ſurrounds the inferior cava. But this 
ſheath, by which the veſlels are ſurrounded, preſerves 
its nature only for a ſhort ſpace, and immediately re- 
turns to the heart with thole large veſſels to which it 
ſerved as an external coat. It alſo ſends a cellular fa- 
bric like a ſheath, along with the great arteries and 
veins, to the lungs *. 

LXXXI. The arteries of the pericardium are either 
from thoſe of the thymus, which accompany the up- 
per and lower phrenic nerves, or from the larger phre- 
nic arteries, from the branches of the mammarics and 
mediaſtinals, the bronchial, œſophagal, and poſterior 
mediaſtinal arteries, or from the coronaries which in- 
oſculate with the bronchials and others. The venous 
trunks of the pericardium have a hike ongination, but 
appear with moſt evident anaſtomoſes from thoſe of 
the right into the others of the left fide. The nerves 
of the pericardium are from the ſuperficial branches 
of the cardiacs, 

ILXXXII. That which makes the proper ſubſtance 

of the pericardium, is a ſtrong, white, compact mem- 
brane, more robuſt than the aorta itſelf, through 
which the nerves of the heart and ſome ſmall veflels 
deſcend. Its outer ſurface being ſpread with the 


cellular ſubſtance, gives it there a ſomewhat rough 


appearance, while internally it appears highly poliſh- 
ed, and moiſtened on all ſides by a watery vapour. 
This vapour, which we have, times without number, 
obſerved in the living animal, compoſes ſome, though 
naturally a very ſmall quantity, of a water within the 
pericardium; which is either limpid, yellowiſh, or 
reddiſh, and ſubviſcid or gelatinous; by diſcaſe, it 
Is ſometimes increaſed to an immenſe quantity; yet the 
exiſtence of ſuch a water here is Injudiciouſly denied 


by 


42 It is more rare, and belongs only to varieties, when appen- 
dices are found in the pericardium; ſuch as I have ſeen ſent to the 


under lobe of the lungs of the left fide, an inch long, and even 
More. 
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by ſome. The water of the pericardium 1s of a lym- 
phatic nature; becauſe by heat it hardens into a 
jelly; and from hence ſmall fibres and a cellular ſub- 
ſtance are often found, in ſome diſeaſes, mixed with 
the natural viſcous humour which every where ex- 
ludes from the heart and its pericardium. This li- 
quor 1s ſeparated without any intermediate glandules, 
or any viſible pores, from the ſmall exhaling arteries 
of the heart, auricles, and pericardium; as may be 
proved by a ſimitar tranſudation of water or fiſn- glue 
injected into the large arteries. 

LXXXIII. The v/e of the pericardium is to con- 
tain the heart along with this vapour; and to ſupport 
and itrengthen it as a fulcrum or prop, that, in con- 
traction, the fibres of the heart may be drawn toge- 
ther without diſtorting the large blood- veſſels, and that 
by 1is vibration may not be ſenſible of altering the 
poſition of the body. For theſe reaſons we find it in 
all animals that have a true heart. A watery Vas 
pour here bedews the heart, which is hotter and 
quicker moved than other parts, ſo as to hinder at- 
trition and coheſion betwixt it and the pericardium z 
but when this vapour 1s dried up, or deficient, the 
pericardium adheres either to ſome one part only of 
the heart, or to its whole ſurface, ſo that it ſometimes 
leems to be entirely wanting. 

LXXXIV. Nature hath given a heart to moſt ani— 


male , even to many inſects and worms: to others 


ſhe hath denied it; and theſe are the moſt ſimple of 
all 


43 The heart, with reſpe& to the cavities, and the veſſels which 
correſpond with theſe cavities, may, in the more perfect animals, be 
divided into two claſſes. For thoſe animals which have no real 
jungs to complete reſpiration aud circulation, are furniſhed only 
with a bilocular heart, one finus which receives the blood, and 
one ventricle which ſends ont an artery ; 5 as in fiſhes, and almoſt al 
amphibia. But a quadrilocular heart 18 always an attendant up- 
on real lungs, receiving a great part of the blood, and it is ob- 
ſerved to be formed of two finuſes, with as many correiponding 
veins, and of two yentricles ſending outF wo arteries z as in qua- 
drupeds, birds, cetacea, if we credit Rag 8. 
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all animals, even very large ones, though they are irri- 
table throughout their whole body; as, for inſtance, he 
prickly hydra. Thoſe animals who have no hearts, 
have alſo no veſſels. 
LXXXV. The veins which carry back the blood 
from the whole body to the heart, it we except thoſe 
of the lungs, are reducible to two#, The cava is im- 
properly named in the ſingular by anatomiſts, ſince it 
is no where, or for a very ſhort ſpace, one ſingle 
trunk. The lower of the two large veins, which is 
the biggeſt of them in man, aſcends immediately above 
the diaphragm from the right ſide, towards which it 
is a little convex or gibbous, to its union with the 
upper cava; and, together with that in its back part, 
forms a middle partition betwixt the right and left 
ſinus: but the left fide of the venous tube degenerates 
into the right auricle, whoſe fibres are a continuation 
from thoſe of the cava. What we have here ſaid of 
the lower cava is alſo true of the upper. | 
LXXXVI. Thus by the meeting of the upper and 
lower cava, a ſinus or cavity is formed with a con- 
vexity to the right, and inwardly filled with ſtrong, 
fleſhy fibres, detached betwixt the two ſimple mem- 
branes, and variouſly interwoven. But the fame ca- 
vity, to the left and fore part, dilates forwards into an 
almoſt perpendicularly oblong or oval form, and ter- 
minates above with a blind-potnted end, which is 
free from adheſion with the heart, and lies incumbent 
on the great artery. This cavity allo, like the former, 
has plenty of fleſhy fibres placed betwixt two very thin 
membranes, almoſt in a parallel poſition; and theſe 
form a kind of arch, extended from the right to the 
left edge of the whole cavity, and round the anterior 
half cylinder of this cavity; and thefe muſcular arches 
are connected together by ſome of jthe leaſt fibres, 
This anterior part of the cavity is called the au- 
Ds * 8 ricle ; 


44 Theſe are very rarely found, when all the veins of the left 
fide of the head, the neck, arm, and thorax, have run into one 
common trunk, which is directed to the ſinus of the venæ cave, 
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ricle; but that to the right and poſterior part is 
called the fanus®: it is thin at the partition of the 
auricles, and likewiſe between the oval ring and where 
the vena cava enters the heart. In this appendix 
there ſeem to be three large muſcles, the anterior, 
{terior, and inferior. 
EXXXVIL In the partition which ſeparates the two 
auricles, the baſis lying in the middle between the two 
venæ cave is depreſſcd to the left fide, more on the 
upper and leſs on the under part; and, at its baſis, 
the partition is exceedingly thin. I ſhall call it the 
oval foſſa. It is bounded on both ſides by a fleſhy 
column, by the union of which an arch is formed at 
top, while th: thinner parts at bottom are turned 
backwards to meet one another. This I call the oval 
rang others, the z/thmus. | 
XXX VIII. Where the lower cava opens into the 
right auricle®, from the tumid column of the left ſide 
of the foramen ovale ariſes a moon-like membrane, 
naturally complete in its figure, and from its thinneſs 
in adults ſometimes net-like: and this being extended 
round the lower edge of the auricle, grows thinner all 
the way, as it is incurvated to the right; but does not 
quite furround half of the auricular circumference, . 
the cavity of which it ſerves hke a partition to divide 
from the vena cava. This is called Euftachiuss valve. 
The oval foramen we ſhall deſcribe hereafter. 
LXXXIX. The blood of the two venæ cave is pro- 
pelled by a muſcular force, in either vein, into this 
atrium or porch of the heart, compoſed of the finus 
and auricle, Theſe veins, as far as they lie within 
the breaſt, are endowed with ſtrong and irritable 
muſcular fibres, by whoſe contraction the blood is 
driven into the neighbouring auricle, 
XC. Jn like manner, the auricle, being irritated, is 
| contracted 


45 The ſinus of the venz cavæ is a very proper name, as the an- 
cient names of right and anterior are very ambiguous, 

46 Or, according to Wolfe's opinion, it opens into each finus in 
the ſœtus. | 
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contracted on all ſides. And, firſt, by a conſtriction 
of its muſcular fibres, the anterior ſemicylinder of the 
auricle is reduced to a plane; while the ſame fibres, by 
their contraction, bring back the middle arch towards 
the anterior extremity or beginning of the heart, and 
likewiſe towards its poſterior extremity or ſinus. Then 
the appendix to the auricle deſcends, and is contracted 
tranſverſely by itſelf, while the lower part aſcends; 
and thus the auricle becomes ſhorter. Again, the 
left edge turns evidently to the right, and the right 
edge a little to the left; and thus the auricle is ren- 
dered narrower. Thus the blood of both cave, be- 
ing mixed together in the beginning of the heart now 
diſencumbered, is driven through the edges of the 
open valve, in ſuch a manner as to urge the valves of 
the right ventricle cloſe to the ſides of the heart. 
But the blood is now hindered from returning again 
into the lower cava, both by the contraction of the 
auricle, the reſiſtance of the ſucceeding blood from 
the abdomen, and of the Euſtachian valve; and up- 
wards it is hindered from aſcending, both by the mo- 
tion and weight of the conſequent blood. It is 
driven back, however, on both ſides, if there happens 
to be any obſtacle in the lungs. 

X CI. The figure of the heart itſelf, in ſome meaſure, 
reſembles hal” a cone, if the cone be ſplit into two 
longitudinally in the direction of is axis. It is almoſt 
triangular; only the end of it is obtule, and the lower 
fide of it is flattened in proportion to the diaphragm on 
which it lies incumbent, and is thereby ſuſtained. But 
the convex ſurface of the cone is lo inclined within 
the pericardium, under the great blood-velicls, as ſut- 
fices to place its thicker ſemicircular curvature, which 
modern anatomiſts call its obtuſe margin, directed to the 
upper and to the left fide of the. breaſt : in its lower 
and anterior part, the heart is alſo extenuated into a 
kind of edge, which is called its acute margin; but the 
point is turned a little forwards. This is the general 
ſituation of it in mankind; but in brutes, the heart 

being 
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being almoſt parallel to the larger axis of the thorax, 
its apex or tips only extend to touch the diaphragm. 

X CII. The whole heart is hollow, having its anterior, 
formerly called its r:g4t ventricle, communicating into 
the right auricle and finus®, which is broad and ſha- 
ped like the fourth part of a cone; not ſo long as the 
polterior left ventricle, but larger; and it terminates 
in the ſhorter tip of the bifurcated apex of the heart. 
The mouth of this ventricle, where it opens into the 
auricle, is elliptical; and terminated by a white gluti- 
nous margin, more callous than tendinous: over this, 
plates of muſcular fibres are ſpread, and ſome fat lies 
outwardly upon theſe. 

XCIII. From this callous margin is extended, within 
the heart, a membranous ring, formed by a redupli- 
cation of. the internal membrane of the auricle, ex- 
tended ſo as to float within the ventricle to which it 
was before continuous. But this ſame ring, in that 
part which fluQtuates in the ventricle, is ſo ſplit or 
divided into three unequal triangular portions, that 
you may in ſome meaſure give them the name of 
valves, and count three of them in number, although 
they are in fact only continued parts from one broader 
ring. Theſe were, by the ancients, named triglochznes, 
or valvulæ tricuſpidales . 

XCIV. That part of theſe valves which lies next to 
the fides of the heart is ſtrengthened by tendinous 
fibres, which, meeting together in their courſe, are 
inſerted by very ſtrong cords, partly into the fides of 
the heart, and partly into papillary or cylindrical muſ- 

cles, which ariſe upward from the left fide of the right 
ventricle towards its right ſide. The largeſt of theſe 
muſcular columns is that which anſwers to the biggeſt 
of the valves, which is both the uppermoſt and that 
which anſwers to the adjacent mouth of the pul- 
| — monary 

47 T call it the ventriculus pulmonaric, fince it alone conveys the 
blood into the lungs, and i is wanting in animals which draw in 2 
great deal of blood. 


43 It is a better name, valvulz venoſæ ventriculi pulmonarir, 
as it pointedly marks the courſe of the venous bloods, 
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monary artery. The leaſt of them is the loweſt, and 
is ſituated before the acute margin. | 


XCV. The uſefulneſs of this valve is evident e- 
nough; for the right auricle (XC.) being contra&ed, 
the blood contained 1n the right porch of the heart, at 
the looſe extremity of the auricle, being impelled from 
the circumference towards the axis, like a wedge, ſe- 
parates the pendulous portions of the ring, called tri- 


cuſpid valves, and prefles them to the ſides of the 


heart. Thus is filled the right ventricle of the heart, 
while the uppermoſt valve (XCIV.) ſhuts the pul- 
monary artery, leſt the blood, by the weak impulſe 
of the auricle, ſhould flow into that artery: the blood 
thus received, and confined within the right ventricle 
of the heart, is, by the ſtrong contraction thereof, 
more powerfully expelled into the artery. 

XCVI. The ſenſible fleſh of the heart, being irri- 
tated by the quantity and weight of this warm blood, 
is thereby ſolicited ro a contraction: for that the 
heart, being irritated, will contract itſelf in a perſon 
dying, or even lately dead, is proved by injeQtions of 
water, and inflations of air, whereby the heart, then 
quieſcent, is recalled to its motion. 

XCVII. The heart's motion is performed by muſcu- 
lar fibres ; the originations of which, in general, are 
from rings formed of the cellular ſubſtance, com- 
pacted into a callous ligament, agreeable to the de- 
icription given in XCII. and with which all the larger 
blood-veſlzls at their opening into the heart are ſur- 
rounded. From thence the fibres, which ariſe, de- 
ſcend gradually in an oblique winding courle towards 
the left fide, and forward to the apex, in many dif- 
tinct plates, and ſometimes a little traverſing each 
other, the middle ones being the moſt tranſverſe, 


while the outermoſt and innermoſt deſcend in a 


ſtraighter line. In the flat fide of the heart (XCI.) 
there are few fibres; and ſo thin, that when you 
have removed the fat, the cavity appears almoſt un- 
covered. That which is called the left ventricle, is, 


houcver, 
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however, very firmly inveſted by the fibres; which, 
after ſurrounding the ſame ventricle, form a ſlight de- 
cuſſation in the ſeptum cordis with the fibres of the 
right ventricle, and are interwoven with them. .Some 
of theſe fibres deſcend into the cavities of the ven- 
tricles, and form there the fleſhy columns mentioned 
at XCIV. Others at the tip of the heart, are wound 
in a vortical or whirling poſition, the two horns end- 
ing by a ſtrong faſciculus or bunch in each ventricle, 
A very thin and ſmooth membrane covers the external 
and internal ſurface of theſe fibres; but the external 
membrane, eſpecially where it is ſpread over the coro- 
nary veſſels, contains much fat beneath it. 1 have, for 
my own part, not been able to diſtinguiſh any thing 
more particular in the muſcular fabric of the heart, 
with any tolerable degree of evidence; becauſe it 1s the 
peculiar property of the fibres in the heart to join toge- 
ther in branchy appendices or heaps, in ſo ſtrict union, 
that they cannot be ſeparated without laceration. 

X CVIH. But there are ſeveral eminent anatomiſts, 
whole ingenuity and communicative freedom I re- 
ſpect, who have repreſented and deſcribed thoſe fibres 
diſplayed and ſeparated : namely, the external fibres 
of the heart, common to both ventricles, deſcending 
to the tip, and then, taking another courſe, to inſert 
themſelves into the ſeptum ; others again, at the tip, 
to perforate the left ventricle, and return, in a con- 
trary courſe, to the baſis along the inner ſurface of 
the ſaid ventricle. But the middle fibres, betwixt 
the aforeſaid inner and outermolt ones, being vari- 
ouſly inclined towards the baſis, form the ſeptum, 
And others have given us figures and deſcriptions of 
{till different orders of fibres, of which the outermoſt 
run counter to the innermoſt, while the interme- 
diate are tranſverſe. To which deſcriptions, as they 
are not much different from my own obſervations, 
I ſhall make no oppoſition, although I have never 
been able to ſee this diſpoſition of them ſufficiently 
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manifeſt, and am acquainted with great anatomiſts 
who have not been more ſucceſsful than myſelf. 
XCIX. Theſe fibres of the heart, like other muſ- 


cles, are furniſhed with zerves of their own, very nu- 


merous and of various origin. The firſt and upper- 


molt are on the left ſide from the ganglion of the 
intercoſtal with the uppermoſt cervical nerve. With 
theſe are joined others from the pharyngeal plexus of 
ſoft nerves; others, produced from the pharyngeal 
and plofſo-pharyngeal ganglions, are mixed with 
them; others alſo are added from the trunk of the 
intercoſtal nerves; and others from the middle gan- 
glion ſeated on the ſtraight muſcle about the paſſage 
of the thyroid artery, which has branches both from 
that uppermoſt nerve and from the trunk of the in- 
tercoſtal and phrenic nerves. Others come from the 
recurrent nerve of the eighth pair. The nerves of 
the heart, originating from theſe ſources, (wove toge- 
ther into a plexus, partly before the great artery, in 
which the following ones are mixed together; and 
partly forming ſeveral ſmall plexuſes between the 
aſpera arteria and the large arteries going out of the 
heart), form one or more plexuſes out of the nerves 
of the right and left fide; which plexuſes are com- 
monly joined together, though ſometimes they are 
diſtinct. From this ſame plexus, or plexuſes, other 
VOLoSe > OY nervous 


49 Upon comparing my own obſervations with Anderſch's and 
Neubaver's deſcription of the cardiac nerves, I ſee that the riſe on 
each (ide, courſe, and manifold intermixture of the cardiac nerves, 
if you except the deeper deſcent of the eighth pair of the left fide 
into the thorax, and the more remote origin of the, recurrens 
ariſing from thence, are very fimilar; fo that I have nothing to add: 
But among the cardiac branches I found a greater one in ſeveral 
ſubjects; of which, as it is not ſufſicieutly underſtood, I ſhall add 
a deſcription. From the great cardiac plexus, which the uſual 
filaments form, five or fix ſmall nerves, forming a net-work, at 
length-run together into one trunk, a little leſs than the recurredt: 


' while it deſcends into the ſoft cellular ſubſtance, cloſe to the aſpera 


arteria, it runs with the various furrows of the plexus pulmonaris 
out of the eighth pair; then it is divided between the aorta and 
pulmonary artery into two branches, and ends partly in theſe ar- 
terics and partly ia the right fide of the heart. | 
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nervous twigs paſs betwixt the aorta and pulmonary 


artery to the right artery of the heart; others croſs the 
pulmonary artery, and go betwixt it and the left auricle 
to the coronary artery of the ſame ſide; others behind 
the pulmonary artery to the ſame coronary; and 
others, again, deſcend very deeply behind the pulmo- 
nary artery to the left ſinus and flat ſurface of the heart. 
To the cardiac plexus, above deſcribed, other large 
nerves accede from the fifth and lower cervicals, and 
ſometimes from the phrenic nerve, and from a gang- 
lion of the loweſt cervical with the intercoſtal, to which 
join large roots from the loweſt cervical nerves. The 
laſt deſcribed nerves, which are larger, fofter, and 
more tranſverſely diſpoſed, are partly mixed with the 
foregoing plexus, and partly go to the lungs. Laſtly, 
there are ſome {ſmall branches, uncertain as to courſe 
and number, which join the cardiac plexus from the 
recurrent and eighth pair of nerves; and making vari- 
ous inoſculations with the intercoſtals, are confounded 
with thoſe of the eighth pair. As for thoſe nerves, 
which ſome eminent anatomiſts have ſeen aſcending 
from the great abdominal plexus to the heart, through 
the foramen of the vena cava, I have never been able 
to find ſuch ; although it is eaſy enough to diſcover 
the diaphragmatics in that place, having ganglions pe- 
culiar to themſelves, of which thoſe anatomiſts make 
No mention. 


C. That theſe nerves conduce powerfully to move 


the heart, is the opinion of eminent anatomiſts, from 
a conſideration of the common nature of muſcles; and 
from the increaſe which follows in the heart's motion, 
by irritating the eighth pair of nerves, either at the 
brain or the ſpinal medulla; and from the languor 
that enſues upon tying thoſe nerves, which proves fatal, 
either ſuddenly or within a few days, even though 
you happen to make the ligature on but a few of the 
nerves that come to the heart; for the intercoſtal, and 
eſpecially thoſe from the ganglion of the upper tho- 
racic, cannot be tied, 8 


n 


py mm _ wa 33 2 &t Q. . 


1 


„35 „„ AS cs _ A A—= wu -- Aa ud wu iv 


Cray. V. H E A RT 89 


CI. But that there are ſtill other cauſes, beſides 

that of the nerves, conducing to the motion of the 

| heart, we are perſuaded from obſerving its motion un- 
| diſturbed by the irritation of all the nerves in the li- 
ving animal ; from its remaining after the greateſt 
. wounds of the head, and even of the cerebellum and 
| 


medulla ſpinalis likewiſe from its motion when torn 
out of the breaſt ; chiefly in thoſe animals whoſe 
lungs, being impermeable, make no reſiſtance to the 
heart's motion; for the motion of the heart is ob- 
ſerved to be very vigorous in the foetus before the 
brain is well formed, and likewiſe in animals want- 
ing the head. And all our experiments agree in 
this, that the quieſcent heart in dead or dying ani- 
mals, when irritated by heat, vapours, poiſons, and 
eſpecially impelled flatus, watery liquors, wax, or 
blood, or on receiving an electric ſpark, immediately 
contracts itſelf, putting all its fibres into a rapid motion, 
by a force ſometimes common throughout the whole 
heart, and ſometimes affecting only a particular part 
of it. 

CIL Thus then we ſee, that there reſides in the 
heart a kind of impatience of ſtimulus; ſo that even 
in the viſcus, when almoſt dead, wrinkles, and mo- 
tions of diffcrent kinds, appear to be propagated along 
its ſurface, from places as it were irradiating from 
points : again, the heart, when torn out and cold, on 
being pricked, inflated, or irritated, contracts itſelf ; 
and its fibres, when difleted, corrugate themſelves 
orbicularly, when there is neither nerve nor artery to 
bring it ſupplies of any kind. This irritability is 
greater, and remains longer in the heart, than in any 
other part of the body; ſeeing, by ſtimulating it, the 
motion of the heart may be renewed at a time, when 
that of no other muſcle can. The heart of the fcetus 
is moſt irritable, as well as larger, i in proportion, than 
in adults; and moſt tenacious of its motion, even in 
the cold. That motion is peculiar to the heart t/zlf ; 
coming neither from the 1 nor the ſoul; ſceing 
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it remains in a dead animal even when the heart is 
torn out of the breaſt; neither can it, 'by any a& of 
the wiil, be made either quicker or lower. 

C1, It is, therefore, evident, that the ſtimulus, oc. 
caſioned by the impulle of the venous blood, cauſes the 
heart contract itſelf; and that this contraction is con- 
vulſive, made with great celerity, and a manifeſt cor- 
rugation of the fibres; whereby the whole heart be- 
comes ſhorter, thicker, and harder; ſo that the left 
ventricle is drawn ſomewhat towards the ſeptum of the 
heart, and the right one much more. The baſe alſo 
advances towards the apex; but the apex more evi- 
dently towards the baſis. This I have often obſerved 
with the greateſt certainty in diſſecting brute animals; 
ſo that thoſe learned gentlemen muſt have ſome way or 
other been deceived, who have aſſerted, that the heart 
is clongated during its contraction. But the heart does 
not ſeem to turn pale in fuch animals as have warm 
blood. Even the ſeptum of the heart is rendered ſhorter, 
and draws itſelf towards the baſis. By this action, the 
fleſhy parts of the heart {well inwardly, and comprels 
the blood as they do the finger, when introduced into 
its cavities. But that the heart is accurately enough 
emptied in this action, appears irom the event; the 
evident paleneſsot animals whoſe heart is white, as frogs 
and chickens; and from the internal ſurface being full 
ot enunences, which exactly anſwer to oppoſite cavi- 
ties, and to the thick reticular arms or columns inter- 
rupted by ſinuſes. And beſides, the apex of the heart, 
being contracted alittle like a hook, ſtrikes againſt that 
part of the pericardium next the thorax. Forwards, 
there is alſo a pulſation from the left venal ſinus; which 
is at that time particularly filled. In exſpiration, the 
heart ſtrikes violently upwards and forwards. The 
truth of both thele we Know by experiment, 

CIV. The blood, which is preſſed by the contracted 
heart (ClII), endeavours to eſcape in all directions; but 
being driven from the muſcular ſides, towards the axis 
of che ventricle, by the reaction of what is lodged be- 
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twixt the venal ring (XCIII.) and ſides of the heart, 
the looſer ends of the faid ring are driven forwards 
and extended inward at the ſame time. By this ac- 
tion upon the whole circumference of the ring, it not 
only becomes extended itſelf, but, at the ſame time, 
rejects a part of that blood into the right auricle, 
which had before deſcended into the cone of the open 
valve, whoſe ſides, now approaching, ſhut up the ve- 
nous orifice more cloſely as the heart contracts more 
ſtrongly ; by whoſe force the tricuſpid valves as they are 
called, would be preſſed reduplicated into the auricle, 
if the muſcular nipples (X CIV.) or columns did not 
keep down their edges, and hold them firmly by their 
contraction (which is the fame with that of the heart) 
in ſuch a ſhape as will extend the annexed chords of 
the valve, without injuring them. 

CV. But the niſus of the remaining blood, now re- 
ſiſted by the tricuſpids, ſeeks another courſe; and, 
whilſt the larger of thoſe valves that is ſeated to the 
right (XCIV.), advances from the fide towards the axis 
of the heart, this leaves open the mouth of the pulmo- 
nary artery, which it before covered; whereupon the 
blood preſſing the valves in the mouth of the ſaid artery 
cloſe to its ſides thus ruſhes into it. 

CVI. To deſcribe this more particularly; from the 
upper and poſterior part of the right ventricle, a way 
leads into the artery, taken in, as it were, between 
the fleſhy parts of the heart e r and ſtrongly 
connected to it by a cellular callous ring, from 
whence the artery aſcends to the left backward, and 
diſplays itſelf behind the arch of the aorta, The 
ſtrength of this artery is not extraordinary, being 
much weaker than that of the aorta, But from the 
inner ſurface of the artery, where it is joined to the 
heart, three ſemilunar valves ariſe, by a reduplication 
of the arterial membranes extended upwards, and to- 
wards the axis, in an arch that is flat or obtuſe e- 
nough; and theſe valves always fluQtuate with their 
edges at free liberty in a parabolical ſhape. The 
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middle of the edges, in each of theſe valves, is gene- 
rally divided, fometimes in the foetus itſelf, by a ſmall, 
denſe, callous body, of a conical ſhape, but made up 
of inclined planes; whereby each whole valve, in it. 
ſelf reſembling an half- moon, is thereby again ſubdi. 
vided into two leſs half- moons. Betwixt the two 
membranes of the valve, appear ſome muſcular or 
tendinous fibres, partly in a tranfverſe poſition ; ſome 
of which hold faſt the valve to the next contiguous 
fide of the heart, leaving ſometimes ſpaces betwixt 
them in a reticular manner. Other fibres alcend 
from the baſis of the valve; and, by growing to the 
callous corpuſcle, draw back the faid valve, and open 
the ſinus. 

_ CVIL. Each of theſe valves, in conjunction with 
the ſides of the artery here diverging, intercept a 
ſpace, which is blind or impervious downward ; but 
open upward in a parabolical ſhape, as we obſerved 
of the valves in the veins (XLIX.) When, therefore, 
the blood is impelled from the ſides towards the axis 
of the contracting heart, it endeavours to eſcape in 
the direction of the ſaid axis; and, by ruſhing forth 
like a wedge, betwixt the valves, prefles their looſe 
ſail-like edges againſt the ſides of the pulmonary ar- 
tery, ſo as to run freely out of the heart. The truth 
of this appears from the fabric, from injections, and 
from ligatures, which, by obſtructing the lungs, will 
not ſuffer the large cavities in the right ſide of the 
heart to be emptied. 

CVIII. The blood now received into the pulmonary 
artery, goes on then to make its circulation through the 
lungs. That artery is firſt divided into two branches; 
of which the left, being leſs and ſhorter, enters di- 
rectly into the ſubſtance of the lungs : but the right 
branch, being larger and longer, paſſes tranſverſely 
through the arch of the aorta; and, alter going a little 
way behind the ſaid aorta, enters the correſponding 
lungs of the ſame ſide. From each of theſe branches, 
by a multiphed ſubdiviſion, ariſe the very leaſt arte. 
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ries, ſome of which tranſmit the blood directly into 
the continued ſmall veins, and others exhale part of 
its aqueous Juices into the pulmonary cells. That the 
blood goes thus directly from the arteries into the 
pulmonary veins, appears evidently from their ſtrue- 
ture; alſo from a ligature, which, intercepting the 
blood's courſe, while the heart and lungs (till urge it, 
cauſes an aneuriſmatic dilatation of the artery; and 
from polypuſes, by which, the mouth of the pulmo- 
nary artery being obſtructed, the right cavities of the 
heart become monſtrouſly enlarged, and at length 
burſt, while the left remain empty. Laſtly, from in- 
jections; for water, fiſh-glue, and milk, are very eaſily 
forced, from the pulmonary artery into the vein, and 
from thence into the left cavity of the heart. But 
the direct anaſtomoſes or final openings of the arte- 
ries into the veins in the lungs, is proved even to the 
ſight by the microſcope, in frogs, &c. 

CIX. Nor can the blood which has once entered the 
pulmonary artery return back again upon the heart; 
becauſe the valves therein (CVI.) are of ſuch dimen- 
ſions, that when diſtended, they perfectly ſhut up the 
opening at the heart; and are ſo ſtrong that they reſiſt 
a much greater force than the contraction of the pul- 
monary artery, without being conſtrained to yield. 
However, ſometimes, from a greater contractile force 
of the artery, they grow ſomewhat callous; or, from a 
laceration of their outer membrane, a bony matter is 
poured in betwixt the duplicature of the valves. For, 
when the blood, by the contraction of the artery, re- 
turns towards the heart, it meets and enters ihe open 
fail-like concavities of the valves (CVIL.) which are by 
that means expanded, and driven together towards an 


axis in the middle: whence the valves, once expanded, 
quite ſhut up the mouth of the artery, ſo as to leave not 
the leaſt ſlit open; for any opening that might be left, 
b 8 by che ſmall callous bodies remarked at 
CX. The pulmonary veins, of which we ſhall ſay 
E 4 more 
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more hereafter, gather into larger branches, which, 
at laſt, terminate in four (ſeldom two, and {till more 
rarely into'five) trunks; to which it has been cuſto. 
mary to affix a name in the ſingular, by calling them 
the pulmonary vein s. Theſe enter the cavity of the 
pericardium, from whence they receive an external 
covering; and are then inſerted at angles into the 
ſquare left or poſterior ſinus, which is ſometimes like- 
wiſe called the pulmonary ſinus. In this courſe the 
upper veins deſcend as the lower ones aſcend. But 
that theſe veins bring their blood towards the heart, 
in the ſame direction with the ſinus into which they 
open, is proved by a ligature, which cauſes a tur- 
geſcence or ſwelling, "Ba the blood retained, betwixt 
the ligature and the lungs. 
CXI. This pulmonary ſinus, which is almoſt of a 
cubical figure, being firmly built of divers bundles of 
fibres running betwixt two membranes, has, forward 
and to the right, one ſingle ſide or partition, in com- 
mon to itſelf and the right ſinus (LAXXVI.); but for- 
ward and to the left fide, it goes into a conical appen- 
dix, which is divided into proceſſes or indentations, 
like a cock's comb; and, after two or three ſerpentine 
turnings, makes whatis called the left auricle, incumbent 
on the left ventricle, and pointing forwards. Some of 
its libres, as in the right auricle, by their bending, con- 
tract it into the form of an arch; others, coming from 
the origin of the appendix, and inſerted into its apex, 
depreſs it. This finus, with the left auricle, are ſome- 
what leſs than the right ſinus and auricle. 
CXI.I In this left ſinus, the blood waits for the heart's 
relaxation; at which time the niſus of the blood im- 
pelled againſt the venous valves, and the contracting 
ſtronger force of the ſinus, grow leſs. Then the leit 
ſinus ſtretches itſelf forward acroſs the heart, is con- 
tracted tranſverſely along with it, and the appendix be- 
comes 


59 The name of ſinus venarum pulmonalium, inſtead of left or fo. 
Herior, is for the ſame reaſon more proper, as this finus receives 
the pulmonary veins as the right does the cavæ. 
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comes evidently ſhorter and narrower. Thus the blood 
is driven into the left ventricle, in like manner as the 
right auricle impelled its blood into the right ventricle, 
(XCV.) For here, as before, alike membranous oval 
ring forms productions called mitral valves 5', of which 
there are uſually two only counted. Theſe valves are 
longer and ſtronger than thoſe of the right ventricle. 
They have each its own and ſeparate muſcular ſtrue- 
ture; but it is much firmer than that of the tricuſ- 
pids. And here, more often than in the valves on 
the right fide, we find cartilaginous tumours in the 
tendinous ſtrings, produced by the friction occaſioned 
by the great motion of the heart. 

CXIII. From what has been ſaid, then, it appears, 
that the ſame blood is now arrived into the left ventricle 
the heart, which was a little before ſent from the 
enæ cave into the right auricle (LXXXIX.), which 
lrove it into the correſponding or right ventricle 
'XCV.); by which, again, it was urged into the pul- 
monary artery (CV.); and, from thence paſling into 
the pulmonary veins, was conveyed into the left ſinus 
(CX); and, out of this, we here find it driven into 
the left ventricle (C XII). This courſe of the blood, 
from one fide of the heart to the other throygh the 


lungs, is called the pulmonary or leſſer circulation, 


and was known to many of the ancients. It is proved 
by the increaſed bulk of the pulmonary veins on the 
left ide; and likewile of the right cavities of the heart, 
trom an obſtruction of the entrance into the left ven- 
tricle. | 

CXIV. The left, or poſterior, and upper ventricle *5* 
of the heart, which is always firſt formed, and in a 
great number of animals the only one, makes up that 
part of its half cone-like body, which we before called 
obtuſe, (XCL.) It is ſome what narrower than the right 


ven- 

They ſomewhat reſemble a mitre : however, I prefer the 

name of valyule venaſæ ventriculi aortici ; which appellation can- 
not be confounded with any other. 


* This I would call, on account of the riſe of the aorta from 
it, vemtriculum agrticun. | N 
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ventricle, a little longer, rounder, and generally of a i 
leſs capacity within, For the contents of this ven- | 


tricle, are about two ounces, while thoſe of the right * 
approach to three. Its fabric internally is reticular, . 
but more nicely wrought than in the right ventricle; 90 
and within the mouth of the artery it is ſmooth: but 

its force is conſiderably greater, as the muſcular fleſh 12 
that ſurrounds it is much thicker and almoſt three 15 
times ſtronger. The ſeptum of the heart belongs 0 
moſtly to the left, but ſome part of it alſo to the right . 
ventricle: the whole of it is reticulated in like manner; R 
but ſolid, and incapable of ſuffering any injected k- h 
quid to paſs from one ventricle to another 53, t 

CXV. Again, this left ventricle, being inſtigated 

to motion by the impelled blood, does, from the ſame 
irritable nature before mentioned (CIIl. ), contract, anc 5 
drive its contained blood with a violent motion in the : 
direction of its axis, and determine it towards the baſis, 7 
at the time when the tip or cone of the heart is drawn 8 
nearer to its baſis. And ſince the apparatus of the i” 
mitral valves is here the fame as in the tricuſpids, 5 
the venous blood now expanding the ring from 4 
whence they ariſe, removes that valve which lay againſt 1 


the month of the aorta, ſo as to open a way for itſelf to 
the artdry ; in dilating the mouth of which, the ſaid b 
blood preſſes the ſemilunar valves, there placed, againſt b 
the ſides of the aorta, into which it ruſhes with a vio- 

lent impetus. This is proved by ocular demonſtration | 
in living animals, where the left ventricle ſwells upon 
ſhutting the paſſage into the aorta. 


CX VI. Ihe ſemilunar valves of the aorta differ little 1 

| 

53 Among the more rare varieties of parts, unleſs we chooſe to a 

term it a diſeaſe, I would rank the caſe of a girl of ſeven years, who c 

had a double exit from the pulmonary ventricle. For a little be- ſ\ 

low the mouth of the pulmonary artery, another opening, ſome- f 
what leſs than the former, led into the true arterial dud of Botal, 

ſent into the aortz. The duct itſelf was perfectly open, as 18 a 

- uſual after birth: The aorta, therefore, in this ſubjeQ, for ſeven a 

years, received blood from each ventricle; the ſeptum, however, 1 


being all the while entirely ſound. 
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from thoſe in the pulmonary artery: only as the open- 
ing is here greater, ſo the valves are proportionably 
larger and ſtronger, and are not ſo often found to 
want thoſe callous round bodies in the middle. The 
fibres too of the valves, both tranſverſe and aſcending, 
are here ſomewhat more conſpicuous. 

CX VII. After the contraction of the heart, follows 
its relaxation or diaſtole, in which it becomes empty, 
lax and ſoft, recovers its former length, the vericles 
recede from the ſeptum, and the baſis from the ex. 
But, while it is in this ſtate, the blood in the auricles, 
having been as it were in a ſtate of expectation, ruſhes 
through the openings of the valves of the veins, di- 
lates the oppoſite ſides of the heart, and makes it 
at once longer and larger, After the auricles have 
freed themſelves of the blood they contained, they 
are in like manner relaxed, and their oppoſite ſides 
remove from each other. Then the blood, collected 
in the venz cave and pulmonary veins, fills the au- 
ricles by the contraction of the veins; renders them 
long, broad, and thick, like the ventricles; and even 
dilends and fills the tooth. like procefles of the creſted 
margin. That the fibres of the heart are not dilated, 
is proved from the junction of thoſe fibres; which, 
being tied together by their middle branches, cannot 
be ſeparated: allo, by the diſſections of live animals, 


in which the whole heart is ſhown to be contracted. 


CX VII. But we muſt now conſider, that theſe mo. 
tions of the right and left auricle, with the right and left 
ventricle, are not performed inthat ſucceſſion in which, 
for the ſake of method, we have here deſcribed them 
for both the auricles are contracted, while the ventricles 
are relaxed: ſo that the contraction of the auricles pre- 
cedes the contraction of the ventricles; as we are aſ- 


ſured from manifeſt experiments on dying animals, and 


on thoſe whoſe living blood is cold. But both auricles 
are filled together in the firſt inſtant, as both of them 
are emptied together in the ſecond inſtant; and both 
the ventricles are contracted together in the thifd in- 
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ſtant, which is the ſame with the firſt; and both ven- 
tricles being evacuated, are relaxed in the fourth in- 
ſtant, which is the ſame with the ſecond. Thoſe who 
have inadvertently taught otherwiſe, have not taken 
the advantage of making a ſufficient number of expe- 
riments on living animals ss. That the auricle, near 
death, makes frequent palpitations before the ventricle 
of the heart performs one contraction, is true enough. 
The auricle with its ſinus forms one cavity, and both 
are filled and both emptied in the ſame inſtant. 

CXIX. Bur it may be aſked, Why the heart never 
ceaſes from its perpetual motion, through ſuch a num- 
ber of years as there is in one's life, through ſo many 
days as there are in a year, and through fo many 
hours as there are in a day; when, in each hour, the 
heart of a healthy perſon contracts not much leſs than 
5009 times; ſo often are there ſucceſſive repletions 
followed with new contraCtions, perpetually in the ſame 
conſtant order; nor 1s there any mulcle, beſides the 
heart and diaphragm, but what becomes tired and 

ainful, by acting inceſſantly, even for a few hours? 
Different anſwers have been given to this queſtion by 
different profeſſors, founded either upon a compreſ- 
ſure of the cardiac nerves betwixt the large arteries, 
or upon an alternate repletion of the coronary arteries 
and cavities of the heart, &c. 

CXX, But to me the ſimplicity of nature ſeems very 
great in this matter. When the auricle is relaxed, it 
is directly filled by the muſcular force of the continu- 
ous great vein; and ſo the heart alſo contracts it- 
ſelf, when it is irritated by the blood driven into it 
from the auricle. Therefore, the heart, having once 
received the blood, 1s contracted by that ſtimulus 

| or, 

54 Obſervations upon living animals, and the reaſon of the thing 
itſelf, amidſt the three opinions of Lancifius, Nichols, and Har- 
vey, the laſt of which is very probable, ſeem to ſhow, that at one 
and the ſame inftant the two ſyſtems of ventricle and veins are 
contracted, but that the finuſes and arteries are at reſt, or, if you 


chooſe, are dilated : but when the latter are contracted, the veins 
and ventricles are at reſt. 
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or irritable force, whereby muſcular fibres are excited 
into contraction; whereupon it empties itſelf of the 
blood; and being freed from the ſtimulus thereof, im- 
mediately reſts or relaxes itſelf, But the heart being 
now relaxed, the auricle is in like manner irritated b 
its contained blood, and by contracting fills it again; 
while the inceſſant actions of the heart and arteries 
continually urge new blood into the right ſinus and 
auricle. That this is the true ſtate of the heart's mo- 
tions, is proved from actual experiment or obſervation; 
whereby we plainly diſcern the ſucceſſive repletions 
and contractions made in the great vein, auricle, ven- 
tricle, and artery, eaſily ſeen in a weak or expiring 
animal; but more eſpecially, and more evidently, in 
thoſe animals which have but one ventricle in the 
heart; as the tortoiſe, frog, ſnake, fiſhes; and in the 
chick hatching in the egg, which, inſtead of a heart, 
has only one crooked canal. Beſides, it is confirmed 
from the inertia of the heart, produced by tying the 
veins} and from the return of its motion, when the 
ligatures are unlooſed; provided theſe phenomena are 
ſuthciently valid: but this is more unequivocally cor- 
roborated by injection, and by the perpetual con- 
traction of a frog's heart, from the inflation of a 
bubble of air, which many hours it alternately ejects 
and receives into the auricle. The left ventricle firſt 
ceaſes its motion; then the auricle of that fide; then 
the right ventricle ; after that, the right auricle; and, 
laſt of all, the pulmonary veins and venæ cave. 
Whatever motion is in the venz cave, ought to be 
attributed to the auricle repelling the blood into 
both theſe veins,. and which the heart, when dead, is 
not capable of receiving. 

CXXI. Nor do l believe there is any thing more re- 
quired to the heart's motion than a continual ſtimulus 
applied to a very irritable part. For, juſt upon the 
approach of death, the very coldneſs of the limbs, 


which the warmth of life has left, contracts the veins, 
and drives the blood to the heart; when the lungs, 
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being impermeable for want of reſpiration, tranſmit no 
blood to the cavities of the left ſide. And, on the 
other hand, the heart, after it is thoroughly emptied, 
remains at reſt, It may thus happen, that, inſtead of 
the vena cava and right auricle, the laſt appearance of 
life may be transferred to the left auricle and ventricle; 
if we ſuppoſe the right cavities to be emptied, the left 
may be irritated by the blood contained in them. But 
if you derive the reſting of the heart from the compreſ- 
ſion of its nerves, the motion of the auricles will be an 
objection, becauſe their nerves are not compreſſed. An 
example alſo we have in fiſh, and little chicken in the 
egg, where there can be no room for a compreſſure of 
the nerves. If, again, you deduce the heart's reſt from 
a compreſſure the coronary arteries, this is contrary 
to experience; ſince they are not covered by the 
valves of the aorta, and from a wound of the faid 
arteries, during the ſyſtole of the heart, the blood 
ſtarts out to a great height. 

CXXII. Nor with the ſtrength of the heart do I 
Join the oſcillations of the very ſmall veſſels, which is 
refuted by experiments: nor the force of external 
heat ; ſeeing animals are found to live and thrive in 
the coldeſt regions of the north: and though the con- 
tractile force of the artery, and the weight of the paits 
and of the atmoſphere aſſiſt the motion of the blood 
during the diaſtole of the heart, the ſame powers re- 
fiſt it during the ſyſtole ; ſo that, indeed, by theſe 
means, the blood 1s moved no farther through the 
contractile arterics, than through the rigid arterics of 
ſmaller animals. 

CXXIII. But with what celerity, and with what 
force, the heart drives forward the blood, is controvert- 
ed, and variouſly computed. The more modern wri- 

ters have raiſed their calculations upon a ſuppoſition, 
that, for the celerity to be determined, we are to ad- 
mit two ounces of blood to iſſue out of the heart with 
ſuch a celerity, that the part of the pulſe, called its 
/»/tole, makes one third of the whole pulſation, and is 


I finiſhed 
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finiſhed within a +57 part of a minute; but the area 
of the mouth of the aorta, they have eſtimated 0.4189 
parts of an inch: ſo, by dividing the ſpace filled by 
two ounces of blood, (3.318 inches) by the area or 
ſection of the aorta at its mouth, and length of its cy- 
linder filled by two ounce, viz.=73$+35), the number 
thence produced divided by Ar, the time in which 
the heart contracts, they find 149 feet and two tenths 
of an inch for the ſpace through which the blood 
runs in a minute, if it goes on in a cylinder with the 
ſame velocity it firſt had from the heart. But the in- 
cumbent weight of blood moved by the heart, they 
have computed by the jirk wherein the blood ſtarts 

forth from the larger arteries in a living animal, bein 
ſeven feet five tenths; and from the ſurface of the 
yentricle, whoſe area makes i 5 inches. Thus 135 cu- 
bical inches of blood, or 51 pounds five ounces, circu- 
late, which preſs againſt the ventricle of the contracting 
heart. The heart, therefore, thus drives forward a 
weight of 51 pounds with a velocity by which it may 
run through 149 feet in a minute; which force it 
exerts four thouſand eight hundred times in an hour. 
CX XIV. Although there are many particulars here 
unthought of which may render the eſtimate incom- 
plete, and ſuch perhaps as we may never aſcertain; 
and although the mouth of the diſtended aorta may 
be wider in a living animal, though the area of the 
ventricle is of uncertain dimenſions, and the jirk of 
blood computed from an inſufficient height; yet if we 
conſider the violence with which the blood ſtarts from 
ſome of the leaſt ſanguine arteries in the living ani- 
mal, although we cannot eaſily determine how much 
of the heart's ſyſtole is thus ſpent, variations in which 
will greatly alter the computation yet, in the mean 
time, it will plainly. appear, that the machine we call 
the heart is a very powerful one. The truth of this 
is evident from experiments; in which it appears to be 
very difficult to fill all the red blood-veſlcls by ana- 
tomical injections, and quite impoſlible to fill all the 
{maller 
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imaller ones: yet the heart, we ſee, not only gra. 
dually diſtends all the larger, the ſmaller, and even 
the leaſt veſſcls, with blood, but alſo drives it forward 
through them with a conſiderable celerity. Even in 
the leaſt arteries, the blood is urged forward by the 
heart with ſuch a force as to make the alternate mo- 
tions of that muſcle perceptible. Likewiſe, in the veing 
and ſmaller veflels of cold animals, even while con- 
tained in the inlect's egg, there is no other force be. 
fides that of the heart, by which the blood is driven 
through their ſmall veflels. And, from ſome of the 
leaſt arteries, I have ſeen the blood ſtart forth feveral 
teet, the jirk deſcribing a parabola, whoſe height was 
four feet, and amplitude of projection ſeven feet; and 
ſome aſſert, they have ſeen the blood aſcend from the 
aorta to the height of twelve feet. 
CXXV. Moreover, that we may make a juſt eſti- 
mate of the heart's force in living animals, we mult 
conſider what great reſiſtances that complex muſcle 
overcomes : we mult compute the enormous weight 
there is of the whole blood; a mals, perhaps, of fiity 
pounds and upwards: for all that quantity of fluids, 
once (ſtagnant in a perſon lately drowned or fainted 


away, are eaſily put into their former motion by the 


heart only 55, Woe muſt again confider the great de- 
creaſe of the blood's velocity, ariſing from the geater 
light or capacity of the dividing branches, (trom whence 
the ratio of its cclerity, even in the inteſtines, may be 
computed to only a 24th or a 3oth part of its original 
impulſe), abates two-thirds from the heart's force. 
And yet we lee there are humours ſwiftly moved 
through the moſt minute veſſels; as, for example, 
the Sanctorian perſpiration, which, in a ſubterrane- 
ous cavern, I have obſerved to aſcend ſwiftly in form of 

4 | ſmoke 
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55 The reſults from the lateſt experiments of Marher, Spallan- 
zani, Fontana, Prochaſca, which appear in a contrary light to lame, 
do not, when properly conſidered, greatly differ from Haller's 
opinion of the cauſe of the heart's motion, the change of figure 
during motion, the force and quickneſs, aud duration of the action. 
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ſmoke or vapour; and the ſame celerity of the blood 
in the leaſt veſſels of little fiſhes, &c. is apparent to the 
eye by a microſcope. Now, ſince the frictions, in 
every machine, always conſume the greateſt part of 
the moving forces; much more do they in the hu- 
man body, whoſe blood and juices are ſo much more 
viſcid or clammy than water, and driven through 
veſſels ſo ſmall, that they permit a globule only at a 
time to paſs through, and even hardly allow that 
without changing their figure: but from ſo ſtron 
and extended a friction there muſt neceſſarily follow 
a very great hindrance to the motion ; whence we 
may eaſily underſtand, that the force muſt be very 
great, which drives ſo ſwiftly ſuch a prodigious maſs 
of fluids in ſpite of ſo many reſiſtances and decre- 
ments of the moving forces But, more than that, 
aneuriſms and arteries are burſt, and very great 
weights, as well as the body itſelf, raiſed by the force 
of the heart's ſyſtole. 

CXX VI. The blood, beigg driven into the aorta, 
immediately finds the two 3 of the coronary 
arteries, which lie next the arterial valves, but above 
them, or within the aorta; and in conſequence of this, 
it ruſhes firſt of all into the ſaid coronary arteries, by 
which the heart ſupplics itſelf with blood. Theſe arte- 
ries are for the molt part two; the right goes off be- 
tween the aorta and pulmonary artery, and the upper 


and left one between the left auricle and the aorta. 


All the external arteries are ſurrounded with much 
tat ; but their cavity is more intercepted with valves 
than that of other arteries. Theſe arteries communi- 
cate, by inoſculations of the ſmall branches, every 
where about the ſeptum and tip of the heart; but 
they no where make a complete ring round the heart. 
They terminate in a two-fold manner. 

CXXVII. The firſt termination of them is into the 
coronary veins, whoſe branches running in company 


with thoſe of the arteries, have their trunks of neceſ- 
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ſity diſpoſed in a different courſe. The great coro. 
nary vein is, therelore, a companion of the left coro- 
nary artery; and is inſerted with a large opening, ſe- 


cured with valves, or a number of little membranes, 


on the left fide of the Euſtachian valve of the right 
auricle: the root of this ſurrounds the left auricle ex- 
ternally, and then accompanies the ſuperſicial branches 
of the left artery. 

CXX VIE. The other coronary vein (which you may 
make a part of the former, ſince they have both one 
common inſertion) deſcends along upon the ſeptum of 
the heart to its flat ſide ; and may be properly called 
the median coronary. the third bends tranſverſly round 
the ſuriace of the right auricle; and then terminates 
within, or at leaſt very near, the large opening of the 
coronary vein (CAX VIL) anteriorly, This vein ſup- 
plics that part ot the right ventricle which lies in the 
flat ſide of the heart; and often receives thoſe 
nameleſs veins we ſhall hereafter deſcribe. 

CXXIX. There are {till ſome other anterior veins of 
the heart; but one more particularly large goes along 
the adjacent edge of the right ventricle, and, running 
for fome length obliquely betwixt the membranes, is 
inſerted into the molt anterior part of the right auricle, 
and ſometimes into the trunk of the upper vena cava. 
This anterior vein ſends off another concealed one 
through the root of the right ſinus; and, being again 
inſerted into the great coronary vein, it makes a com- 
plete circle round the heart, like the arterial circle 
which fome have deſcribed, but has not yet been ſeen 
by me. 

CXXX. But there are a great many more veins, un- 
certain in their number, which belong to the baſis and 
internal parts of the heart, to which the anatomiſt has 
ſeldom any acceſs, becauſe they lie concealed betwixt 


the origins of the large veſſels: and theſe open by 


numberlels ſmall mouths into the right ſinus and au- 
ricle; and ſome, but a few only, into the left finus. 
Thus I have ſecn a particular vein, which, from a la- 

tend 
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tent ſinus in the fleſh of the right auricle, has aſcend- 
ed towards the aorta and pulmonary artery, and in- 
ſerted itſelf on one fide into the greater coronary vein. 
Another I have obſerved, concealed betwixt the mouth 
of the coronary vein and the aorta, inſerted into the 
right ſinus; and another through the remains of the 
oval foramen, and ſeptum of the two finuſes, inſerting 
itſelf into the right ſinus; and others again belonging 
to the venous valves; beſides which, there are {till 
others too numerous to deſcribe. I have obſerved 
alſo a vein ariſing from the leſt ſinus and inſerted into 
the vena cava. 

CXXXI. There are ſtill more, and much ſmaller, 
veins in the heart, whoſe little trunks, being very ſhort, 
cannot eaſily be traced by diſſection; and theſe open 
themſelves by an infinite number of oblique ſmall 
mouths, through all the numerous ſinuoſities ob- 
ſervable on the ſurface of the right and left ven- 
tricle. Theſe are demonſtrated by injections of wa- 
ter, wind, or mercury, puſhed into the coronary arte- 
ries, after you have firſt tied their correſponding or 
accompanying coronary veins; or even into the great 
coronary veins, after you nave firſt intercepted the 
openings of their largeſt trunks. For, in cither of 
theſe caſes, there are drops of the tinctured water, 
bubbles of air, ſpherules of mercury, ruſhing out 
through the whole extended ſurfaces of both the 
ventricles of the heart; and this, without any violence 
that can be ſuppoſed ſufficient to break the veſſels. 
But the paſſage from the arterics into the cavities of 
the left fide is more difficult. 

CXXXII. There are ſome who will have the coro- 
nary arteries filled with blood, not by the contracting 
of the heart, but of the aorta in its ſyſtole; which 
they think muſt be a conſequence of the retrograde 
angle of the blood's courſe here, and the paleneſs of 
the contracted heart, with a ſuppoſition that the valves 
of the aorta cover or cloſe the mouths of the coronary 
arteries, But the two Jaſt of theſe are diſproved by 
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experience; and the firſt, or retrograde courſe, can 
only impede or leſſen, and not intercept, the flux into 
the heart: for the injections of wind or mercury into 
all the ſeminal and biliary veſſels; demonſtrate that 
the large retrograde angles, which the veſſels often 
make there, do not hinder the fluids from taking, 
though they retard, their natural courſe. * But a proof, 
ſtill more evident, is, that the coronary artery has a 
pulſe at the ſame time with all the other arteries in the 
body, and the blood ſtarting from it makes a higher 
ſaltus at the time when the heart is contracting 
(CXXI.) 

CXXXIII. Concerning the reflux or return of blood 
from the muſcular ſubſtance of the heart, there is ſtill 
leſs room to doubt: for all the coronary veſlcls diſ- 
charge their blood into the auricles and ventricles, ei- 
ther right or left, (but leſs into the latter), both b 
the larger (CXX VII, CXXVIII, CXXIX.), the ſmaller 
(CXXX) as well as by the leaſt orifices (CXXI), 
which ſo caſily tranſmit injections, after you have firſt 


tied the larger coronary veins. The circulation thro” 


theſe veſſels ſeems to be completed in the ſhorteſt 
ſpace oi time that can be neceſſary in any part, from 


the great velocity the blood receives from the heart. 


itſelt, urging the ſame through its own ſubſtance. 
But that the whole contents of the veſſels are cleared 
in eaci contraction, does not ſcem to me probable; 
for the blood-veſlels of the heart do not look pale 
enough in that action to produce ſuch an effect as an 
entire evacuation. There is a very free or open pal- 
ſage from the arteries of the heart into the cellular 
ſubſtance, or fat which ſurrounds it. If you atk, 
What are the uſcs of thoſe leaſt or ſhorteſt veins 
which open obliquely through the ſurface of both the 
ventricles (CXXX1.)? they ſerve to return the blood 
of thoſe deeply ſeated ſmall arteries, which have no 
correſponding veins. 


CXXXIV. The humours of the heart, which are | 


thinner than blood, return by the valvular /ymphatzc 
deins, which accompany the coronary * 
an 
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and aſcend towards the thoracic duct and ſubclavian 
vein; but they are to be very rarely ſcen, although I 
have obſerved them in brute animals. 


CH AP. YL 


Of the Nature of the Buoop and Juices of the Human 
Body. 


CXXXV. HE liquor which is contained in the 
beating arteries and their correſpond- 
ing veins, is called by one general name, the blood- 
which, to a loole examination, appears homogeneous, 
or of ſimilar parts, red and coagulating throughout 55; 
and is obſerved to be redder in proportion to the 
ſtrength of the animal: in a weak and famiſhed one, 
the blood inclines to a yellow: it hath a whiteneſs 
mixed with it, which comes almoſt totally ſrom the 
chyle. But from various experiments 1t is certain, that 
this animal liquor contains very different ingredients. 

CXXX VL. That fire is contained in the blood may 
be proved from its heat, which, in human blood, and 
that of ſome other animals, is from 92 to lo degrees 
of Fahrenheit's thermometer, which is more than the 
mean degree of atmoſpherical heat, but leſs than the 
greatelt”, Again, a kind of volatile vapour or exha- 

. lation 

55 As the blood has various degrees of redneſs in proportion to 
the diverfity of animals, from their age, food, temperament, and 
different exerciſe of body; ſo there are ſeveral morbid changes, 
which convert the blood from an intenſe red to the greateſt pale- 
neſs; whence it becomes liker the vital liquid of more imperfect ani- 
mals ; as we remark in the jaundice, phthiſis, and dropſy, &c. 

57 The heat, which all perfect animals peculiarly poſſeſs in by 
far a greater degree than vegetables, from the more ſimple claſs of 
2nimals, through the various orders of fiſhes, amphibia, man, qua- 
drupeds, and birds, at length gradually increaſes, till for the mott 
part, in a natural ſtate, even at its greateſt heat, it does not ex- 
ceed the 110th degree of Fahrenheit. Daily experience ſhows, 
that it differs in man, according to age, temperament, ſtate of 
mind, motion, or relt of body, climate, weather, kind of life, 
meat and drink, health, and the various ſpecics and violence of 
Ciſcale. It is alſo certain that the degree of heat in the body 

increaſcs 
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lation continually flies off from the warm blood, with a 
fort of tetid odour intermediate betwixt that of the 
ſweat and urine. This vapour, after colleQion and 
condenſation in convenient veſſels, partakes of an aque- 
ous nature, with ſomewhat of an alkaline quality. 

CXXXVIL After this vapour has diffipated, the 
blood of a healthy perſon ſpontaneouſly congeals into 
a ſciſſile trembling mals z and with a leſs degree of 
heat than that of boiling water, (viz. 150 deg.) This 
toughneſs is greater in teverith perſons than in ſuch as 
are in health. It fometimes coagulates in the veins of a 
living perſon, and is found clotted in wounds of the 
arteries. But even within the veſſels of a living perſon, 
and in one dying of a fever, the blood has been ſeen, 
by the violence of that diſtemper, changed into a con- 
creted tremulous jelly throughout all the veins. The 
principal part of this coagulated mals is the craſſamen- 
tum or cruor, Which has the red colour peculiar to it- 
ſelf, and gives it to the other parts of the blood. This, 
if it be not kept fluid by the attrition of a vital circula- 
tion, or ſome ſimilar concuſſion, runs confuſedly into a 
compact, but ſoft maſs, like liver, merely by reſt and a 
moderate degree of cold; as it alſo does by the addi- 
tion 


increaſes a little from an augmentation of heat in the atmoſphere; 
but it does not riſe to the greateſt pitch of ſummer-heat, although 
we can live in a much greater heat; as is proved by perſons em- 
ployed in ſugar houſes, melting furnaces, by mowers, and the uſe 
ot baths and ſtoves in Finland and Ruſſia; and alſo by the late ex- 
periments of Fordyce, Blagden, Hunter, and Dobſon. It is 
{ometimes ſo diminiſhed in an intenſe cold, that in a perſon froft- 
bitten, bat not dead, a thermometer applied to the mouth, arm- 
Pits, ordins, and even the vagina, would got rife above 767 of 
Fahrenheit. But is the matter of heat in the blood alone? Jt is 
{ufficiently probable from phenomena; ſince the heat of the body 
is diminiſhed by hemorrhagy, or when the blood is intercepted by 
ligature and compreſſion from reaching the joints; it being 
ſtored when the blood returns. I muſt obſerve, however, that 
my experiments on living animals, particularly upon ſwine, did 
not diſcover fo great a difference as might be expected, between 
the heat of the heart, the artcrics, veins, brain, ſtomach, inte- 
lein, tunica vaginalis, and even the interſtices of the cellular tex- 
ture In the muſcles, , 
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tion of alcohol, by mineral acids, or by a heat of 150 
degrees, of which 98 is the blood's heat in robuſt 
people. It 1s, either as a fluid or a ſolid, ſpecifically 
heavier than water by near an eleventh part; and, 
when treed from its water, it is wholly inflammable. 
In a mals of healthy blood, one halt or upwards is 
red cruor: and, in ſtrong laborious people, the ſerum 
makes only a third part; and is ſtill more diminiſhed 
in fevers, often to a fourth or fifth part of the maſs. 
| CXXXVIIL Another white, ſomewhat yellowiſh 
part of the blood, ſeparates from this coagulum, 
tranſuding, as it were, through its pores, and at laſt be- 
comes a quantity, in which the coagulum ſinks: this 
again ſeems, though not really ſo, a homogeneous li- 
quor. This part of the blood is, in general, one 
thirty-eighth part heavier than water, and almoſt a 
twelfth part lighter than the red globular mals of 
craſſamentum : this too, by a heat of 150 deg. or by 
mixture of mineral acids or alcohol, and by a concul- 
ſive motion, 1s coagulable into a much harder maſs 
than the red cruor (CAXXVII); and forms an indiſ- 


a ſoluble glue, a fleſh-like membrane, which at length 
5 ſhrinks up to a horn-like ſubſtance, or friable gum. 
. From thence are formed the plcuritic cruſts or ſkins, 

polypuſes, and artificial membrancs, Beſides this 
; coagulable albumen, ſimple water, of which there is 
h the greateſt portion, is latent in this ſerum; and like- f 
C wiſe a quantity of mucus, lets capable of being drawn 4 
c F 
4 into threads than the red cruor; nor at the fame þ 
in time coagulable, like the albumen, by heat and i 
t- acids 53, | 
gp CXXXIX. But by putrefaction only, or the diſſol- | 
. ving power of the air hot to 96 deg. equal to the F 
ly blood's natural heat, the whole maſs, but eſpecially the A 
y ſerum, diflolves or melts into a fetid liquor; firſt the 9 
e ſerum, and then the cruor more ſlowly; till at length | 
7 T 4 the | 
| 
en 53 Haller has elſewhere properly remarked, that the received 1 
e· Opinion of the elements of the blood is not hurt by Hewſon's diſ- 


x. co very of a ſecond kind of lymph, which Krauſius has allo allowed. 
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the whole maſs, both of ſerum and cruor, is turned 


into a volatile and fetid exhalation, leaving very few 


feces behind, The blood being a little diflolved by 
putrefaction, and even before that, becomes fetid ; 
with the fetor it aſſumes an alkaline nature; and 
eftervelces with acids, This. property it afterwards 
loſes, the alkaline ſalt being deſtroyed by putrefac- 
tion. The putrid blood cannot by any art be infpil- 
ſated, as it is alſo very diſſicult to be reſolved after it 
has been coagulated by ſpirit of wine. By too ſevere 
excrciſe, heat, and malignant dilorders, the cohefion 
of the blood is diflolved, and it aſſumes an alkaline 
nature almoſt as it from putrefactiou. 

CAL. Beſides theſe parts of which the blood ap- 
pears to conſiſt, without ſubjecting it to any violence, 
it contains in its ſubſtance a quantity of /e ſalt, which 
is diſcernible to the ta(te, and ſometimes viſible by the 
microſcope. 'That there is earth in the blood 1s de. 
monſtrated from nutrition; and from a chemical ana- 
lyſis, whereby the earth appears to lodge in the moſt 
fluid, and eſpecially in the oily parts of the blood, 
By ſome very late experiments, it appears, that a con- 
ſiderable quantity of ferruginous earth, eaſily reducible 
into metal by the addition of phlogiſton, is contained 
in the blood when calcined, Laſtly, another part in 
the blood is azr in an unclaſtic ſtate?, and that in a 
very conſiderable quantity; the exiſtence of which 
air in the blood and ſerum is proved by their putre- 
faction and diſtillation, or by removing the ambient 
air from chem by the pump. But we are not to think, 
from hence, that the blood-globules are bubbles full of 
ir, for they are ſpecitically heavier than the ſerum. 

CX LI. By the admixture of neutral ſalts the colour 
of the blood becomes deeper and brighter, without 
being either diflolved or thickened. It is ſcarcely 

altered 


59 With the ſame propriety we mention the electric fluid; 
which, as it is communicated to vs by reſpiration, we ſhall 
bricfly confider in the 8th chapter, along with that inclaſtic gas 
which has become ſo famous in our time. 
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altered by a weak acid. By fermented liquors it is 
coagulated. Fixed alkaline ſalts have almoſt the ſame 
effects as the neutrals. The volatile alkalis rather 
turn it brown, and coagulate it. Alcohol and dif- 
tilled oils, and likewiſe vinegar, coagulate it. It does 

not efferveſce with any ſalt. | 
CXLIL Chemiſtry has, in various ways, ſhowed us 
the nature of the blood. (1.) When freſh drawn, be- 
fore it has time to putrefy, the blood, diſtilled with 
a low heat, yields a water to the quantity of five parts 
in fix of the whole maſs; which water has litle or no 
taſte or ſmell till you come towards the end of the 
operation, when it is proportionably more charged 
with a fetid oil. (2.) The' refiduum expoſed to a 
ſtronger fire, yields various alkaline liquors; of 
which the firſt, being acrid, fetid, and of a red- 
diſh colour, is utually called the /prrit of blood; 
conſiſting of a volatile ſalt, with ſome little oil, diſ- 
ſolved in water to the amount of one twentieth 
part of the original maſs of blood. There is an acid 
obſervable in the fat, and likewiſe in putrid fleſh 
and blood. (3.) A little before, and together with 
the oil, that next aſcends in the diſtillation, dry 
volatile ſalt ariſes, and adheres in branchy fleeces- ta 
the neck and ſides of the glaſs; and this in but a 
{mall proportion, leſs than an eightieth part of the firſt 
maſs. (4.) The next liquor is that called / of hu- 
man blood, which aſcends gradually thicker and 
heavier, and is at firſt yellow, afterwards black, till 
at laſt it reſembles pitch, being very acrid and in- 
flammable, but in a ſmall quantity, about a fitticth of 
the whole maſs. (5.) There now remains, in the 
bottom of the retort, a ſpongy inflammable coal or 
cinder of the blood; which, being kindled, burns 
away, and leaves aſhes behind. From theſe, by lixi- 
viation with water, is obtained a mixed /alt, partly fea» 
lalt, and partly fixed alkali, together with a {mall quan- 
tity of fixed earth. This fixed ſalt is ſcarce the five 
hundredth part of the firſt maſs, and of this only one 
2 fourth 
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fourth part is alkaline: but being urged with the moſt 
intenſe degrees of fire, the whole ſalt affords ſome por. 
tion of an acid ſpirit ; which we judge to ariſe part] 
from the ſea-ſalt in the blood, ſome of which is de- 
monſtrable even in the ſpirit of blood; and partly 
trom the vegetable kind of thei aliments, not yet di- 
geſted into an animal nature. For which laſt reaſon, 
an acid 1s procurable from the blood of graminivo. 
rous animals as well as from that of man. But the 
earth, ſeparated from the lixivium by filtration, will, 
perhaps, make about an hundred and fiftieth part of 
the original maſs ; and contains ſome particles which 
are attracted by the loadſtone. 

CXLIII. From the preceding analyſis of the blood, 
it evidently contains a variety of particles, differing 
in bulk, weight, figure, and tenacity ; ſome watery, 
others inflammable, and moſt of them inclined greatly 
to putrefaction or to an alkaline nature. For the 
blood, in a found healthy ſtate, not injured by putre- 
faction, or too violent a degree of heat, is neither al- 
xaline nor acid; but mild or gelatinous, and a little 
faltiſh to the taſte : yet, in ſome diſeaſes, it is ſharp 
enough, and comes near to a ſtate of pufrefaction; as 
for inſtance, in the ſcurvy, where it corrodes its con- 
taining veſſels; and in dropſies, the waters of which 
are often next to alkaline. But an alkaleſcent calx is 
found in the blood of inſets, which efferveſces with 
acids. 

CXLIV. By viewing freſh blood in a ſmall glaſs 
tube by a microſcope, or by applying the ſame inſtru- 
ment, while it is yet moving in the veins of a warm 
living animal as a hen-chicken, or a cold one as a 
irog, we perceive in it red globules ; which, doubtleſs, 
make that part called cruor or craſſamentum, mentioned 
in CXXXVII. If it be queſtioned, whether thele are 
not rather lenticular particles of the ſame kind with 
thoſe obſerved by Leuwenhoek in fiſh, and lately dil- 
covered in our own ſpecies ; we confeſs it is a point 
difficult to determine: nor have I ever made a ſuth- 

cient 
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cient number of microſcopical experiments on thoſe 
globules which ſeem molt denſe and conevx. 

CXLV. Ihe colour of thefe globules is red; and 
ſo much the deeper and more inclined to ſcarlet the 
ſtronger the animal is: and in the fame proportion 
their number increaſes, when compared with the quan- 
tity of yellow ſerum. Their diameter is very fimall, 
being between ag and ;-*;; of an inch. They, are 
ſaid to change their figure into an oblong egg-like 
ſhape, which I could never obſerve with ſufficient cer- 
tainty. They are alfo ſaid to diſſolve into other lefler 
globules of a yellow colour, which I have neither ob- 
terved myſelt, nor can eaſily admit. 

CXLVI. From the red part of the blood, fibres are 
generated in abundance ; from the ſerum, in ſmaller 
quantities: They are procured by pouring the blood 
into a linen cloth, and waſhing it gradually with a 
great deal of water, or by beating it with a rod. In 
quantity, they equal the 28th part of the whole maſs, 
Theſe are formed of the gluten, and are not generated 


in a living animal; fecing they are neither to be per- 


ceived by the microſcope, which ſo eaſily renders vifible 
the red globules, nor yet does their long thread-like 
figurè ſeem adapted for receiving motion. 

CXLVIL From the preceding experiments com- 
pared together, ariles that knowledge which we at 
preſent have of the blood; namely, that the craſſa- 
mentum or cruor is compoſed of globules. The in- 
flammable or combuſtible nature of theſe globules is 
proved from dried blood, which takes flame and 
burns; as allo from the pyrophorus, which is gene- 


rated from the human blood: and from theſe moſt 


probably ariſes thegreater part of the pitchy oil that is 
obtained from blood by the violence of fire. 
CXLVUL. The ſerum of the blood diſtilled with 
a ſtrong fire, gives over almoſt the ſame principles with 
the cruor, viz. ſalt, oil, and earth. It yields, however, 
much more water, but no iron at all. Similar prin- 
ciples, but with a leſs proportion of oil and falt, are 
| 2 | obtained 
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obtained from the aqueous humours prepared from 
the blood; as the ſaliva and mucus. 

CXLIX. The exact mals or quantity of blood con- 
tained in the whole body cannot be certainly com- 
puted. The weight of the mals of humours, how. 
ever, is much greater than that of the ſolids; but 
many of them do not flow currently in the circulation, 
as the glue or jclly that lodges in moſt parts, and the 
fat. But if we may be allowed to form a judgment 
from thoſe profuſe hemorrhagies® that have been 
ſuſtained without deſtroying the life of the patient, 
with experiments made on living animals by drawing 


out all their blood, joined with the bulk of the arte. 


ries and veins themſelves: from theſe principles, the 
maſs of circulating humours will be at leaſt fiſty 
pounds ; of which about 28 will be true red blood, 
current in the arteries and veins; of which the arteries 
contain only one fifth, and the veins the other four“. 
CL. Nor does the blood always contain the ſame, 
or a like proportion, of thoſe elements or principles 
above-mentioned : for an increaſed celerity, whether 
by laborious and (ſtrong exerciſes, a full age, fever, or 
otherwiſe, augments the craſſamentum, with the red- 
neſs, congealing force, and coheſion of the particles; 
and the hardneſs and weight of the concreted ſerum 
with the alkaline principles, are by the ſame means 
increaſed. On the other hand, the younger and leſs 
active the animal, and the more watery or vegetable 


the diet on which it is fed, the craſſamentum of the 
blood 


60 The bodies of ſome women, who had died of an uterine he- 
morrhagy, have bcen ſent 'me, whoſe blood, to the quantity of 
26tb, was found by chance collected in a veſſel: there appeared 
the greateſt palencſs over the whole body, aud I found the heart 
and large arteries and veins completely emptied. In the cafe of 
2 female criminal who was executed, being of a plethoric enough 
habit, 24tb of blood were collected, and all the veſſels fouud 
quite empty. | 


„ Haller has changed this proportion, and indeed he has come 
nearer the truth ; to wit, he has allowed four parts to the arterics, 
and nine to the veins, | 
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blood is proportionally leſſened, and its ſerum and 
mucus increaſed. Old age, again, leſſens the craſſa- 
mentum and the gelatinous part hkewiſe. 

CLI. From theſe principles, but with a conjunct 


conſideration of the ſolid fibres and veſſels, the differ- 
ent temperaments of people are derived“. For a ple- 


thoric 


6: The theory of the temperaments of the human body, in the 
ſenſe commonly recived by phyticians, and taught in the ſchools, 


the received divifion of them into four ſpecies, and their repeated 


production from the different nature and mixture of the blood, 


fſavours too much of the ancient and particularly of the Galeoical 
E doctrine, I think there can be no doubt, that there are tempera- 
© ments; and that the manner and rule which nature follows in man, 
aud likewiſe perfect animals, may be obſerved in the performance 


of the corporeal and mental functions, in either preſerving or en- 


E dangering the health and life, and in the exerciſe of maſt of the 
duties and affairs of life, and in the actions of the internal and ex- 
© ternal parts, which are more or leſs connected with the ſafety of 
the animal. If, therefore, one would wiſh to give any ſpecific 
name to this different relation and determination of the parts of 
our body, when once communicated with the ſyſtem in general, 
| as you would do to any plant, or other particular natural body, 
and to keep the ancient denominations ſanguineous, choleric, 


phlegmatic, and mclancholic, in preference to all others, he mutt 


be aware, that, neither the various habits nor temperaments of 
| mankind can originate ſolely from the different nature of the 
| blood, nor all be comprehended under theſe four modifications. 


With reſpect to the cauſes of diverſity of temperament, there are 


| many which co-operate. (1.) The various quantity, firmneſs, and 


ſentient faculty of the nervous ſyſtem, from the brain communi- 


| cated to each nerve. I have always obſerved a choleric, and cho- 
| lerico-ſarguineous diſpoſition, in all perions having a large brain 
and thick ftrong nerves, along with a great ſenſibility as well of 


the whole body as of the organs of ſenſe. Hence ariſes a ready 
apprehenſion of objeds, and an increaſe of underſtanding and 
knowledge, and, owing; to the compariſon of many ideas, an acute 
and entire judgement, which choleric perſons poſſeſs in ſo eminent 
a degree; but along with this condition of the nerves, they are ex- 
cefſively liable to grief and anger, when the body or mind is but 
lightly affected: and ou this *account medicines ſhould be cau- 
touſly given, and leſs doſes preſcribed to them. With a ſmall 
brain and ſlender nerves, I have obſerved the ſenſes more dull, 
and a phlegmatic or phleg matico-melancholic torpor conjoined. 
Therefore they require from external objects ſtronger impreſſions 
pon the organs of ſeuſe, and longer applied, if they are — to 
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thoric or ſanguine habit ariſes from an abundance of 
the red globules; a phlegmatic temperature from a re. 
dundancy of the watery parts of the blood: a cholerit 
diſpoſition of the humours ſeems to ariſe from a more 
acrid, acid, and alkaleſcent property of the blood; 3 


appears 


leave laſting effeRs : hence their judgment is frequently weak oz 
account of the defect of ideas; and they ſeldom acquire any exten. 
five knowledge: but nature has compenſated theſe diſadvantages 
by making them more able to undergo hardſhips from change oi 
climate, life, or labour; they demand more powerful medicine 
and larger doles. What a great difference io man and the cctaceoy; 
animals! (2.) The various degrees of irritability in the muſcular 
parts. For wherever you find a very delicate irritability, affected by 
almoit every ftimulus, and retaining laſting impreſſions, and at the 
lame time acting with a certain celerity ; in that caſe you cannat 
doubt of a choleric diſpoſition: hence that remarkable ſtrength in 
the muſcles of ſome perſons, winch acts with fo incredible quick- 
neſs, diſpatch, and conltancy. On the contrary, if you examine 
a pllegmatic perſon, you obferve the contractile power of the 
muſcles languid, difficultly yielding to ſtimuli, unleſs powerful; 
ſince the muſcles of phlegmatico- melancholie men are long of be. 
ing determined to motion, although ſtrongly excited, and finiſh it 
with an appearance of languor. (3.) Even a certain ſoftneſs is 
oblcrvable in all fibres and membranes, if you touch the body 
of a phlegmatic perſon; or a ſeeming hardneſs and dryneſs in 
melarcholic habits: along with which particularities the phleg- 
matic join leſs elaſticity ; whilſt ia the melancholic there is: 
greater tone and contractile power. (4.) There is in the air, un- 
doubtediy, a certain electrical principle; which being by refpira- 
tion communicated in diterent ways with the body, imparts a 

atural tone to the fibres, occaſions a quicker motion in the veſſels, 
and increaſes and dimin'ſhies by turns the alacrity of the mine. 
But as this principle of atmoſpheric air does not prevail in equi 
quantity every hour of the day, all times of the year, and id 
every climate; fo ſometimes, we fecl an univerſal laſſitude, 
which ſuddenly ceaſes, the ſtrength of the body and mind being 
reſtored with a ſerene and elaſtic air; ſo in like manner all men do 
not equally abſorb this electric matter, which thus forms a re- 
markable diverſity of temperament. (5.) We ought too to com. 
bine with theſe the various nature of the blood from the propor- 
tion of the elements: and in fact, as greater ſtimuli in the blood 
excite the heart to briſker donde ; fo a more acrid and co- 
pious bile may effectually promote the periftaltic motion, and the 
abundance of mucus occation a tendency to > lentor and frequent 
catarrhs. 


Now 


ene ͤ 


Ar AG edt. 


Sina HAH 7, 


of 
£ 
. 
7 
hs 
a. 
* 
10 
8 
2 
4 
* 
A « 
«> 
* 
- 
Z 
5 
% 
* 
3 
s 


2 
4 N 
1 
* 
— 
- 
4 : 
3 
** 
x 


Char. VI. L 0 . 87 


appears from thoſe who hve on fleth, and on the hu- 
man ſpecies, being ſo much fiercer and more paſ- 
fionate than thoſe who live on plants or on vegetable 
ſood. In the ſolid parts, a great firmneſs joined with 
an exquiſite ſenſibility, or nervous irritability, diſpoſes 


to 

Now, we fee we have ſufficient canſes, which from our birth 
may bring on, in the firſt growth of the parts of the body, an irre- 
vocable determination to this or that habit or temperameat. I 
therefore can ſcarcely admit a complete tranſmutation of tempera- 
ment, which, during tbe exerciſe of theſe natural Jaws, could 
render a purely choleric perſon phlegmatic : But that ſome change 
may take place in temperaments, that violent attacks may he miti- 
gated, that lentor, torpor, 2nd liſtleſſneſs may be inereaſed, I readily 
agree; and from the remedies by which ſuch a change may be pro- 
duced, I form a ſecond claſs of the cauſes of temperaments. The 
chief are, (t.) A different kind of meat and drink. An animal 
diet adds a great ſtimulus to our ſtrength, invigorates our ſenſea, and 
ſometimes induces ferocity ; as is evident from the Anthropophagi, 
carnivorous animals, wild beaſts and their whelps, and hunters, 
particularly if the abuie of aromatics, wines, and medicipes has 
ſupervencd. Vegetables, on the contrary, increaſe the lentor of 
the fibres, weaken the ſtrength, diminiſh ſcofibility and irrita— 
bility; in a word, induce a phlegmatic diſpoſition; in which po- 
tatoes have a wonderful effect. It would be of great conſe- 
quence to pay regard to this in the bringing up of children, viz. 
to invigorate the inertia of the mental and corporeal faculties 
by the uſe of animal food, but to temper the vehement paſſions, 
peculiar to choleric perſons, by uſing amongſt food a good deal 
of vegetables. (2.) The particular mode of education, examnles, 
It need ſcarce be inliſted on of what influence theſe are poſſeſſed, 
particularly in infancy : hence it happens, that whole nations are 
of one temperament. (3.) Climate, weather, native conntry. 
Rarely in an unſettled climate or country, in hot climates, or 
in moiſt countries, will you find in choleric perſons that alacrity 
of temper, agility of body, and quickneſs of underſtanding, which 
1s ſo common in a ſerene and temperate heaven, and high hilly 
countries. (4.) The increaſe of knowledge. I have often ad- 
mired that change which a ſtrenuous induſtry produces in fome 
of the moſt dull men; ſo that with the increaſe of knowledye, 
they became of a more cheerful temperament. (F.) Abundance 
and want of neceſſaries, both in life and for the purpole of for- 
warding improvement. For this reaſon it may happen, that ac- 
corcing to the diverſity of the form of government, whether 
under mild or more ſevere and tyranical Jaws, the temperament 
of the ſubject may be either lively or languid. (C.) The fort 
of life itſelf, intercourſe with men, and public employment, 
may 
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to a choleric habit; a leſs irritability, with a moderate 
denſity, to a ſanguine habit; and a leſſer degree both 
of denſity and irritability are to be referred to a 
phlegmatic temperament. There is alſo a kind of 
dull heavy temperament, in which there is the ae 


rength 
may have a great fhare in changing temperaments; ſince rarely 
after the 3Gth year of a man's life do you find the blood ſtil 
Pure; and rarely a choleric perſon, who, after 50 years, has pre- 
ſerved his former alacrity. It is difficult to ſay into how many 
ſpecies temperaments ſhould be divided, and what kind of cha. 
racer ſhould be aſſigned to each, according to nature and not con- 
jecture. I doubt, I may not be more ſuccelsful than the celebrated 
Kaempfius and Gerreſhemius, as I exhibit the firſt lines only. The 
{anguinzous and pblegmatic temperaments, ſeem with various in- 
termedia to comprehend all modifications. (1.) Then, the faq- 
guineous, which is inconſtant and not well ſpecified, is diſtinguiſhed 
by a vivid colour of the face; the veſſels are full; and hence for 
the moſt part they take ill with external heat; they are pre- 
diſpoſed greatly to inflammable diſeaſes; they have a great ſhare 
of ſenſibility and irritability, which all therefore indicate a deſire 
of pleaſure in this temperament, and the greateſt inquietude both 
of body and mind prevails: they are talkative; abide not long 
with any occupation; they are eaſily ſeduced, and contract an 
intimacy with every body; but they ſoon forget their friends, 
ſhowing a certain diffidence to all of them; they ſeldom meddie 
with affairs of any conſequence, and rarely acquire proficicney 
in the ſciences, unleſs in an advanced age. (2.) The ſangui- 
neous-choleric enjoys a better mixture of cauſes ; it bas the ſup- 
ports of health and cheerfulneſs along with the former, but has 
perſeverence in common with the choleric. (3.) The choleric; 
Here you will always obſerve the body tender, though not ema- 
ciated and dry as is the caſe with the melancholic ; the ſkin is of 
a whitiſh yellow, with red hairs; the balls of the eyes are of a mo- 
derate magnitude, the pupil being frequently dim; a penetrating 
lively countenance, ſometimes joined with a degree of ferocity; a 
quick pulſe; actions of the muicles in walking, ſpeaking, and other 
reſpecis very rapid; copious and acrid bile; hence an effectual peri- 
ſtaltie motion, more frequent fools, a ready inclination to under- 
take any thing of conſequence, formed as if to command, and 
particularly fond of animal- fd. (F.) The hypochondriac : An 
unhappy temperament, trouF :{ome to itſelf and others. Men 
of this ſort for the moſt pa! are ſubject to diſeaſes in the liver, have 
a yellowiſh appearance, ways diſcontented, wonderfully tortured 
with eavy and diffidence and are called by ſome cholerico-melan- 
chalic. (6.) The melancholic have a dejected aſpe&: The eyes 
jor the moſt part ſmall, retracted, and winking, the hair ** 
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ſtrength of body, joined with no great degree of irri- 
tability. In the melancholic, again, a weakneſs of the 
ſolids is joined with the higheſt degree of nervous 
irritation or ſenſibility. But you mult be careful not 
to take theſe temperaments as the ſole and limited 
ſyſtems or claſſes of conſtitutions; which, in the 
courſe of nature, are found to be not only four, or 
eight, but are really diſtin in numberleſs degrees. 
CLII. The red part of the blood ſeems chiefly of 
uſe to generate heat, ſince its quantity is always in 
proportion to the heat of the blood. This being con- 
fined, by the largeneſs of the globules, within the 
red and firſt order of veſſels, hinders them from col- 
lapſing; and, in receiving the common motion of the 
heart by the greater denſity of its parts, it has a 
greater impetus, and ſets in motion the leſſer orders 
of humours. Nor is it improbable, that the heart is 
more ſtrongly irritated by the ponderous cruor of 
the blood. The globular figure of its parts, together 
. with 


and ſkin rigid, remarkable for its dryneſs and leanneſs; a ſmall 
and flow pulſe, ſparing and black bile, a flow periſtaltic mo- 
tion. They indeed have quick perceptions, and ponder long ; 
they ſubmit to toilſome labour with the greateſt patience, but 
finiſh it with incredible flown:ſs: for the moſt part they pay 
no regard to time. They eafily bear the diſadvantages of life; 
but when once their anger is excited, they love revenge. (9.) The 
beotic or ruſtic joins a great ſhare of the ſanguineous temperament 
with the melancholic and phlegmatic. The body 1s luſty, full of 
Juices, a ſmall irritability in its ſtrong muſcles, and ſome ſtupor 
in its ſmall nerves. Perſons of this ſort are capable of no educa- 
tion; and whatever they undertake ſavours of a low turn of mind. 
(8.) The gentle and mild temperament : this is compoſed of the 
languineous, choleric, and phlegmatice. They are a good race of 
men, wiſhing well to all: in them we always perceive a calmneſs and 
ſweetneſs of manners; they ſtrongly bate a prating, noiſy loqua- 
city : if devoted to ſtudy, they calmly undertake the taſk, anxi- | 
ouſly ponder what they learn, and are capable of great proficiency. 
(9.) The flow phlegmatic is diſtinguiſhed by a ſoft and moſtly 
whitiſh ſkin, a very lax body, very prominent eyes, drowſy aſpect, 
a flow pulſe and walk : for the moſt part they ſpeak flow, are 

atient of the weather's inclemency and other people's affronts; 

rn to obey ; and on account of their light irritability, difficultly 
curaged, and eaſily paciſied again. 
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with their denſity, makes it eaſily pervade the veſſels; 
and un quantity of iron it contains, as well as of oil, 
perhaps increaſ-s its power of generating heat. And 
henc- it 18, that the red part of the blood being too 
much diminiſhed by profule, bleedings, there follows 
a ſtag nation or If ned motion of the humours in 
the ſmaller veſſels ; whence fatnels, and dropſy. By 
the ſame rule alſo a due proportion of cruor is neceſ{- 
ſary wit in the habit, to generate and repair new 
blood. For, by large hemortrhagies, we ſee the blood 
loſes its red or denle nature, and degenerates into a 
pale, ſerous, or watery ſtate, 

CLIII. Ihe coagulable ſerum is more eſpecially de- 
ſigned for the nutrition of the par's, as will be here- 
after more apparent. Chap. XXXI. The thinner juices 
ſerve various purpoſes; as the diſſolution of the ali. 
ments, the moiſtening of the external ſurface of the 
body, and ſurtaces of the internal cavities, to preſerve 
the flexibility of the ſolids, nd conduce to the motion 
of the nerves, the ſight, & The ſaline particles ſeem 
prop-r for diſſolying the aliment, and ſtimulating the 
veſſch. The properties of the aërial part are not yet well 
known. The heat occaſions the fluidity, and is not eaſily 
raiſed to ſuch a degree as to coagulate the humours. 

CLIV. Therefore health caunot ſubſiſt without a 
denſt and red blood, whoſe quantity too much di— 
winiſhed cauſes a flaynation of the Juices within the 
ſmaller veſſels; whence all parts of the body become 
cold and weak. Nor can lite or health ſubſiſt without 
a ſuſficiency of thinner juices intermixed with the red 
blood; fecing the cruor, deprived of its watery part, 
congeals, and obſtructs the ſmalleſt paſſages of the 
veſſels, and kindles too great a heat. 

CLV. If it is aſked, Whether there be any dific.- 
ence betwixt the arterial and venous blood? we an- 
ſwer, That ſome difference ſeems to happen; the for- 
mer having lately ſuffered the action of he lungs. But, 
in experiments, I ſcarce find any obſervable dittcrence 
either in colour, denſity, or any other known oy 

ity. 
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ſity. Sometimes, however, I have found a moſt evi- 
dent difference ; for the bright red colour of the ar- 
terial blood ſeems to diſtinguiſh it from the duſky dark- 
coloured blood in the veins; but this, in the plain 
example of the hatching of a chicken, ariſes only 
from the deeper ſeries of globules in the thicker vein. 
But we have not ſufficient certainty of a difference in 
the blood of-difterent arteries. However, the arterial 
blood is apparently of a more bright or ſplendid red; 
and having a greater degree of fluidity and proportion 
of watery parts, may ſo far differ from the venous 
darker-coloured blood, But to clear up this, farther 
experiments are requiſite. 

CLVI. From one and the ſame maſs of blood, 
driven into the aorta, are generated all the fluids of the 
human body; which, from their affinity one to ano- 
ther, are reducible to certain claſſes. The manner 
in which they are ſeparated, ought to be accounted 
tor by the fabric or mechaniſm of the glands them- 


ſelves. But we mult firſt conſider what the blood ſuf- 


ters from its containing veſſels. 


HA R II. 
Of the Common Orricts of the ARTERIES. 


CLVII. H E blood is driven from the left ven- 
tricle of the heart into the aorta; which 
takes its courſe firſt a little towards the right, and then 
to the left, in an arch that is very ſharply bent: and 
here the maſs of this purple fluid ſtrikes firſt againſt 
the right fide, and is then reflected to the left fide 
of the aorta; whence flowing in a vortical or whir- 
ling motion as much as that full. veſſel will permit, 
It goes on through the arteries, with an alternate 
colliſion againſt, and repercuſſion from, their ſides. 
The aorta twells a little in bulk at the place where it 
proceeds from the heart. 
CLVIIL The arteries are, in a living perſon, al- 
ways full of blood; ſince the jet or ſtream that ſtarts 
'G 2 from 
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from an artery, is not ixterrupted by alternate ſtops, 
while the heart reſts or relaxes itſelf, but it flows on 
in a continued thread: add to this, that the micro. 
ſcope ſhows the arteries, in hving animals, to be full, 
both in the their {y{tole and diaſtole; nor can the 
circular fibres of the arteries fo far contract them- 
jelves as entirely to evacuate theſe tubes. Since, 


therefore, a new wave or column of blood is ſent into 


the arteries, already tull, although it bear a ſmall pro- 
portion to the whole mals contained in the arterial ſy- 
ſtem throughout the body, hardly ever exceeding two 
ounces; yet, by its immediate contact with the precedent 
wave or column, which moves flower as it gets farther 
from the heart, it conſequently drives the ſame for— 
wards, lengthens the artery, and makes it aſſume a cy. 
lindric form, augments its diameter, prefles the mem- 
branes cloſer to one another, urges the convex parts 
of the arterial {]exures outwards, and cauſes their ſpiral 
waves to be more ſerpentine, as injections demonſtrate 
to us. This dilatation of the artery, whereby its light 
or capacity is changed from a leſs to a greater circle, 
is called the pulſe; "the diaſtole of which is an expan- 
ſion of the artery beyond its natural diameter. This 
being the proper or characteriſtic action of life, re- 
ſults from the heart only, and is in nowiſe natural to 
the arteries left to themſelves. Hence when the mo- 
tion of the heart is intercepted, whether by aneuriſm, 
ligature, or others iſe, there is no pulſation of the ar- 
terics to be felt; and hence there is a ſudden ceſla- 
tion of the pulſe, by a wound through the heart, in 
a living animal. But the artery 1s proportionally 
more dilated, as the wave of blood flows on before 
more lowly, and the more the velocity of the new 
wave exceeds that of the former one. 

CLIX. The //2le. or contraction of the artery fol- 
lows the dilatation of it. For the heart having emptied 
itſelf, and removed the ſtimulus of the blood, comes 
into a ſtate of relaxation and reſt, But the artery, at 
this ſame time, by tits innate elaſticity and contractile 
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power reſiding in its circular fibres, irritated likewiſe 
by the ſtimulus of the blood, conttacts itſelf, and ex- 
pels as much blood as ſerved to dilate it beyond its 
mean or middle diameter: this quantity of blood is 
either forced into the ſmaller and ſcarce- beating arte- 
riolæ, or into the veins, as the ſemilunar valves of 
the aorta oppoſe the return of the blood in the part 
ot that veſſel through which it has juſt now paſſed. 
So ſoon as the artery has freed itſelf from this wave 
or column of blood, being no longer {ſtimulated by 
diſtention, it directly collapſes by its own proper con- 
tractile force, and is now again ready to yield to a 
new wave or column of blood ſent into it from the 
heart; whence follows a repeated diaſtole. 

CLX. That the arteries thus contract, and, by that 
force, propel their contained blood, is proved evident- 
iy from their ſtrongly contractile nature; from the 
apparent diminution of the diameter or dilatation 
they receive from the heart ; from the evacuation that 
follows, by the proper force of the artery itſelf, driving 
out all the blood that is contained in the lateral branches 
betwixt two ligatures; from the return of the blood 
to the heart through veins whoſe artery is tied, which 
therefore the heart has no ſhare in propelling ; from 
the wave of blood being greateſt when the heart is 
in its diaſtole, as obſerved by ſome eminent anato- 
miſts; from the ſtrength with which the blood is 
ejected from the tied aorta below the ligature ; rom 
the evacuation which the arteries make of their con- 
tained blood even after death into the veins, whereby 
theſe latter appear much fuller than the arteries; and, 
laſtly, from the conſiderable ſaltus of blood that iſſuts 
from a large artery in an animal even after death, 
mounting to the height of two feet: to which add, 
the convulſive contractions of the animal in which the 
artery is thus wounded, and the remarkable cloſings 
of the mouths of divided arteries in wounds, and a 
iphacelation of the limbs from an oflitication ot the 


artery; whence the veins become diſtended. | 
G 3 CLXI, 
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CLXI. The mean ſwiftneſs of the blood's motion 
being diminiſhed in the time of the heart's ſyſtole, 
but increaſed during its diaſtole, is ſuch as carries it 
through a ſpace ſomewhat leſs than one foot in the 
ſpace of a ſecond of time; and the conſtant pleni. 
tude of the arteries renders it impoſſible for us to per. 
ceive any ſucceſſion in the pulſes of different arteries; 
whence all the arteries of the body ſeem to beat at one 
and the ſame inſtant, whilſt the heart ſtrikes againſt the 
breaſt : and yet there is certainly a ſucceſſion in the 
ſyſtole of the arteries, by which the aorta ſeems to 
contract in the ſame order. ſucceſhvely, as it is filled 
by the blood expelled from the heart; ſo that the 
part of the artery next the heart is firſt conſtringed, 
and thence, gradually, the arterial contracting force 
proceeds to the extremities. An inſtance of this we 
have in the inteſtines; and the ſame is evident to the 
eye in inſects, who have a long fiſtulous and knotted 


heart, manifeſtly contracting in a ſucceſſion from the 


beginning to the end. But the mind cannot diſtin- 
guiſh the leaſt points of time, which are the meaſures 


of this ſucceſſion, and amount only to a few thirds of 


a ſecond. 

CLXII. If it be aſked, Where this pulſation ends? 
we anſwer, In the leaſt arteries, and cylindrical origi- 
nations of the veins. We have already mentioned the 
velocity with which the blood comes from the: heart, 
But that velociry continually decreaſes. Certain we 
are, (I.) That the lights or ſections of the arteries, 
compoſed by the aggregation or ſum of their tranſ- 
verſe ſcctions, as they divide farther in their courle 
from the heart, greatly exceed that of the aorta ; ſo 
that ſince the ratio, or leſs proportion of the trunks 
to their branches, continually diminiſhes as they make 
leſs ramifications, and this in a variable or uncertain 
proportion; the difference of that ratio or proportion 
will be the greateſt betwixt the light of the aorta at 
the heart, and the ſum of the ſections of all the ſmall 
arteries, where they are leaſt, in the extreme pay 
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of the body. Again, (2.) The proportion of the ar” 
terial membranes or coats in thickneſs, with reſpect to 
their bores or capacities, is greater as the arteries grow 
leſs ; and is largeſt in the leaſt of them, which tranſmit 
only one globule at atime. Ihe truth of this is pro- 
ved from anatomy, and the forcing of air into the 
arteries, by which they burſt always more difſicultly 
as they are leſs; and from the calculation itſelf, by 
which the magnitude of the leaſt arteries is determi— 
ned from the globules diſtending their two ſemicylin- 
dric membranes. Add to this, (3.) The friction of 
the juices through the leaſt veſſels, inflected and meet- 
ing together in angles; which friction, even in the 
moſt fluid water, running through long pipes that are 
ſingle, and in a direct courſe, greatly diminithes the ve- 
locity, and more in proportion as the tube is of a leſs 
bore ; white again, as the artery is leſs, there are a 
great number of globules rubbing and grating againſt 
its membranous converging ſides. And by the co- 


nical figure of the artery, it happens, that the broader 


wave of blood, coming from the trunk, is reſiſted 
in its paſſage through the narrower branch, and fo 
muſt diſtend it by force. But moreover, (4.) The 
infections and folds, or plates of the veſſels, greatly 
llacken the blood's motion; fince always ſome part of 
the 1npelling force is ſpent and loſt in removing the 
convex parts of the tolds, and changing the figure of 
the infleQed veſſel. lhe angles likewile take off more 


irom this force in proportion to their acuteneſs, or the 


more they recede from a ſtraight line. Laſtly, (5.) A, 
conſiderable allowance muſt be made tor the great viſ- 
cidity or tenacity of the blood itſelf ; ſince, by reſt 
only, it directly hardens into clots; and fince it is 
trom the circula ory motion only of the blood, that 
this mutual attraction of parts is overcome, fo as to 
hinder it from adhering to the ſides of the arteries 
tor ſo we find it adhere in anueriſms and wounds of 
the arteries, or elle the globules clot together, as we 
lee uſually after death. From all which confidera- 
34 tions, 
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tions, you will obſerve, that the blood meets with the 
greateſt retardation in its courſe in the leaſt veſſels. 
And the oppoſition it meets with in the branches 
leſſens the velocity of the blood alſo in the trunk: the 
oppoſition of torrents of blood to one another in the 
aualtomoſes of veſſels alſo deſtroys ſome parts of its 
motion. We may eaſily perceive the amounts of this 
retardation will be very conſiderable, although it be 
diſſicult to eſtimate it juſtly, In the larger trunks the 
blood of a living animal flows with the rapidity of a 
torrent: but, in the leaſt branches, it creeps along 
very ſlowly ; fo that in theſe it begins to put on a ſtate 
of coagulation. It is alſo well known to ſurgeons, 
that a ſmall branch of an artery near the heart or aor- 
ta bleeds more dangerouſly than a much larger one 
that lies at a greater diſtance, The weight of the in- 
cumbent atmoſphere, of the muſcles and fleſhy parts 
lying above the artery, and the contractile power of 
the veſſel itſelf, make a reſiſtance indeed to the heart; 
but do not leſſen the velocity of the blood, ſeeing they 
add as much in the diaſtole as they diminiſh in the 

ſyſtole. | 
CLXIIL It is certain, however, from inciſions made 
in living animals, that the ſingle globules of blood, 
which move feparately in the ſmall veſſels, do not loſe 
jo much ot their vclocity as, by calculation, they 
ought to do. We muſt therefore aſſign ſome cauſes 
by which this power, deſtructive of the blood's mo- 
tion, is leſlened,. And, in the firſt place, it is cer- 
tain, that the lights of the branches do not bear ſuch 
a proportion to the trunk in the ſmalleſt veſſels; their 
great ſmoothneſs diminithes the friction. The facility 
Iizewile with which the blood flows through the veins, 
expeditecs its paſſage through the little arteries, which 
Immediately communicate with theſe veins. No great 
help is to be expected from conſidering the effect of 
Iigatures or the weight of the blood, which is capable 
both of diminiſhing and accelerating the motion; nor 
can we ſuppoſe that in live animals a great effect 1 
pends 
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pends upon the force of the nerves. The power of 
derivation, whatever that is, and the motion of the 
muſcles, are capable of producing a new velocity. 
CLXIV. The pulſe therefore enſues, becauſe the 
anterior wave or column of blood moves on flower, 
while the ſubeſquent or poſterior wave comes faſter ; 
ſo that the preceding is an obſtacie to the conſequent 
blood (CLVIII.). But ſince the force of the heart 
weakens as the blood goes on, and the contractile 
power of the arteries increales, therefore the diſpro- 
portion of celerity betwixt the antecedent and conſe- 
quent waves or columns of blood coming from the 
heart, will be continually leſſening with reſpect to the 
blood that is urged on by the contraction of the ſmal- 
ler veſlels, till arriving at a part where there is no ex- 
ceſs or difference, it will there ceaſe to make any pul- 
ſation of the artery ; becauſe here the anterior and 
conſequent blood flow evenly, or with the tame cele- 
rity. But this place of equality in motion, cannot be 
in the larger and more conſpicuous arterial branches: 
for in them the wave, laſt coming from the hcart, 
moves quicker than what went before; as 1s evident 
from the inflammatory pulſation of them, eſpecially in 
the ſmall arteries of the eye. But, in the leaſt red 
arteries, the pulſe at length begins to vaniſh. This 
is evident from the equable motion of the blood, of- 
ten ſeen by a microſcope through the arteries of a frog. 
In the larger veſſels, however, ſuch as may be about 
the ſixth part of a line in diameter, the pulſe 1s per- 
ceptible. But in the leaſt veins viſible to the eye, 
there is no ſenſible pulſation or accelerated motion of 


the blood, whilſt the heart contracts, demonſtrable 


either by the microſcope or any other experiment. 
CLXV. Even in the veins, the blood preſſes againſt 
their ſides, as appears from the furrows hollowed out 
ot the bones, and the ſwelling of the veins on be- 
ing tied. If it be aſked, Why the veins do not beat ? 
(tor we do not allow that to be a pulſe which happens 
from reſpiration, from the rejection of the blood from 
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the right auricle, or from the muſcular part of the 
vena cava); the reaſon of this feems to bg, that the 
blood, immediately on its leaving the heart, is more 
retarded in its motion than when it paſſes into 
ſmalleſt veſſels. Fence, the ſhort ſpace of time 
which the velocity of the laſt wave exceeds the 100 
going, is greateit at che heart, and grows gradually 
leſs, till it at laſt totally vaniſhes, this is illuſtrated 
by the experiment, in which a pipe, fixed in a lea. 
thern tube, and driving forth water in a continual, 
but ſtarting ſtream, does, by a ſponge fixed round the 
mouth of the ſaid tube, cauſe the water to iſſue forth 
in an even ſtream, without leaping through the ſponge: 
and the ſame is evident from another experiment, in 
which the ſame thing happens, by injecting the me. 
{enteric arteries with an alternate impultion of water; 
for then the water flows out through the veins in one 
continued even {tream, 

CLXVI. The pie is therefore the meaſure of the 
powers which the heart ſpends on the blood ; becaule 
it is the immediate and full effect of thoſe powers, 
Hence, all things conſidered as alike, the pulſe is au 
in the moſt healthy people, where there is no ſtimu- 
Ins, nor any unnatural reſiſtance to cauſe the effect 
of a ſtimulus, but the heart is at liberty to ſend for- 
wards the blood with eaſe. You mutt except thoſe 
caſes where there is ſome obſtacle, by which the blood 
is prevented from entering the aorta, For this rea- 
ſon the pulſe in allhmatic people is flow : the ſame 
thing alſo happens from a debility or inſenſibility of 
the heart, which the ulual {timulus is not capable of 
exciting to contraction. A large pulle is cauſed by 


fulneſs of the artery, joined with a ſtrong force of the 


heart; a ſmall pulſe by the emptineſs ot the artery, 
and a leſſer wave of blood ſent irom the heart. A 
hard puile denotes ſome obſtacle or ſtimulus ; or ell: 
that the heart's force is increaled with a greater 
thickneſs of blood, or a greater rigidity of the artery. 
A quick pulle denotes ſome ſtimulus, obſtacle, or 

greater 
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greater ſenſibility or irritability of the heart. It is 
beſt felt where the artery lies expoſed bare to the 
touch, upon ſome reſiſting bone; but obſtructions 
ſometimes render the pulſe perceptible, where it is 
never ſo naturally. 

CLXVII. The pulſe is flower in animals as they 
are larger or more bulky; becauſe the heart is pro- 
portionably bigger in the ſmaller than in the larger 
animals, and, as well as the other parts of the body, 
is more irritable in the former than in the latter; and 
becauſe the heart is obliged to drive the blood tp a 
greater diſtance; whence the reſiſtances or frictions in 
the more bulky ſeem to be increaſed more than the 
force of the heart. Hence, ſmall: animals are more 
voracious ; and large ones, as the whale and elephant, 
eat leſs. The pulſe of a healthy perſon riſing in the 
morning; beats 65 in a minute; but, after the fatigue 
of the day, it will beat Bo in that time; and again, 
by the night's reſt or ſleep, it will become gradually 
leſs frequent, till in the morning you will find it re- 
turned to 1ts primitive number of 65, For the mo- 
tions of the mulcles, and actions of the external and 
internal ſenſes, the warmth of the atmoſphere, and the 
action of the aliments taken into the ſtomach, urge 
the venal blood on to the heart, which being there- 
by oftener ſtimulated, makes more frequent contrac- 
tions. This is the cauſe of thoſe paroxyſins or fits of 
increaſe obſervable in all fevers towards the evening. 
For fleep not only retards the motion of the blood, 
but of all the other humours and actions in the body 
whatever. a | 

CLXVIII. A frequent pulſe is different from a ſwift 
one; and it is poſſible for the pulſe to be at the lame 
time ſwift and unfrequent. But it is difficult to obſerve 
a ſwift pulſe. The frequent pulſe is what is com- 
monly called a ſwift one, It takes place in children, 
and becomes afterwards flower in perſons as they grow 
older. The ſalient point beats 134 in a minute: new. 
born infants have their pulſe 120 in that time Pros 
rom 
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from thence down to old age it grows flower, to 69 
in a minute. A feveriſh pulſe begins from 94 per mi- 
nate; and we count the pulſe has but a moderate ce- 
lerity in fevers, or laborious exerciſes of adult per- 
ſons, if it does not exceed above 11o or 120 in a mi- 
nute: but it is exceſſive at 130 or 140, with which 
number people ſeldom recover; nor have J ever ob- 
ſerved it exceed that number. The pulle beats ſlower 
in winter, and quicker in ſummer, by about 10 ſtrokes 
per minute; and under the torrid zone, it grows 
guicker to 120 *3, The different paſſions of the mind 
variouſly accelerate, retard, and diſturb the pulſe, 
Whatever obſtructs the circulation is allo found to 
accelerate the pulle ; not, from the laws of hydroſta- 
tics, or on account of the canal being made narrower, 
nor from the action of the ſoul; but only the heart 
being with more dithculty freed from the ſtimulating 
contracts itſelf more ſtrongly, and at ſhorter intervals. 
An irritation from an acrid blood is the cauſe of the 
frequent pulſe in fevers. 

CLXIX. Through the leaſt veins the blood moves 
on very ſlowly, partly by force of the heart, and partly 
by the contractile force of the arteries. The firit is 
proved by a renewal of the motion of the blood in 
perſons drowned ; where, merely by exciting the ac- 
tion of the heart, the vhole mals is again propelled. 
But the contractile force of the artery is proved by 
what is ſaid (CLX. ). But after death the blood con- 
tinues to move, in part, alſo by its own gravity, and 
by the elaſticity ot the air generated or extricated by 
putreiaction. 


CLXX. 


63 T obſerre a wonderful difference in the pulſe, as it depends 
upon temperament : for in a ſanguineous and choleric habit the 
pulſe is more troqaent, let the age, ſex, and ſtate of miud be whit 
it will; in a phlegmatie and mejancholic perſon, it is ſlower. Bu: 
the whole doctrine concerving the pulſe, though you even ſlight⸗ 
ly ette-m fore of the too ſubtile diſtinctions of the French, an 
the prognoſtics in diſcales refulting from theſe, is, however, much 
indebte in the preſent age to the induſtry ot ſome of the mott re- 
IpeGable men; fome of whom Haller has mentioned, and among 
whom Graner, Stedmay, and others, may alſo be ranked. 
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CLXX. But the blood moves on faſter in the lar- 


ger veins. For whenever the impelling powers re- 
main ſufficient, and the conveying ſmall veſſels are 
rendered narrower, the motion of their contained 
fluids muſt of courſe be accelerated ; fince the ſeQtion 
of the venal trunk is much lefs than that of all its 
branches, in the fame manner as that of an artery is 
leſs than the ſum of the branches into which it divides. 
Therefore if the motion of the venal blood loſes no- 


thing in its way, the proportion of its celerity in the 


vena cava, to its celerity in the veins of the thirtieth 
diviſion, will be thirty times greater in the former, in 
proportion as the conjunct lights of all the ſmall veins 
exceed the light of the cava. In like manner, too, 
the friction or attrition of the blood in the veins, and 
its contact with their ſides, diminiſh. 

CLXXI. But fince the blood moves thus ſlowly in 
the leaſt arterial veſſels and incipient veins, and as the 
weight of the blood itſelf, in many places wondertully 


hinders its return to the heart, while, at the ſame time, 


the very thin coats of the veins have but little con- 
tractile power to be expected from them; therefore 
nature has uſed various precautions, leſt, from the 
lowneſs of its motion, it ſhould any where ſtagnate 
or concrete. To obviate this, ſhe has ſupplied the 
veins with more watery vapours and fluxile lymph, 
than ſhe probably ſent by the arteries, if we conſider 
the great exhalation that 1s made from the arterial 

blood in the lungs. | 
CLXXII. She has, therefore, likewiſe placed the 
veins near the muſcles, that by the rurgeſcence or 
contractions of the latter the veins may be prelled ; 
and fince any preſſure upon the veins muſt be de- 
termined towards the heart (LXIII.), therefore all 
this force mult be entircly employed in accclerating 
the return of the blood to the heart. From hence pro- 
cceds that wonderful quickneſs of the pulſe (CLX VII), 
heat, and redneſs of the body, with a ſhort and la- 
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borious breathing, that attend muſcular motions or 
violent exerciſes, 

CLXXIII. Moreover, thoſe muſcles, which con. 
ſtantly urge or preſs violently the contiguous viſcera 
on all des that are contained in any of the common 
cavities, do all of them powerfully promote the re. 
turn of the venal blood to the heart. Such an effect 
has the conjunct preſſure of the diaphragm with the 
abdominal mulcles, in reſpect to the abdomen. Laſt. 
ly, the pulfations of the arteries, which run every 
where contiguous and parallel to the fides of the 
veins, have no inconſid-rable effect in promoting the 
return of the venal blood; fince, as we have before 
ſhown, any impulſe acting on the veins can determine 
their blood to the heart only. - 

CLXXIV. To thele is added a force not yet ſufh. 
ciently known, by which the blood is brought from 
a place where it is more compreſled to one more lax, 
and where it mects with leſs reſiſtance. In this mat: 
ter alſo reſpiration is of great efficacy; in which the 
motion of the blood into the lungs, when relaxed, 13 
accelerated by the power of derivation from all patts 
of the body: and again, in exſpiration, it is driven 
into the trunks of the veins in the head and abdomen, 
Hence the ſwelling of the veins, and likewiſe of the 
brain, in the time of exſpiration. The circulation 1 
not indeed aſſiſted by theſe cauſes, but the blood i- 
agitated and preſſed, The anaſtomoſes of the arte- 
ries contribute to the ſame end; for they render the 
paſſage of the blood more eaſy from thoſe places 
where it is obſtruQed to ſuch as are more free. 

CLXXV. By theſe means, the blood in a healthy 
perſon, uſing ſufficient exerciſe of body, moves on 
with ſuch a velocity, as ſuffices to deliver as much ot 
the purple fluid in every pulſe by the vena cava to 
the heart, as is equal to what is ſent out by that great 
artery the aorta. But reſt or inactivity of body, and 
a weakneſs of the contracting fibres of the heart and 


other muſcles, frequently render this motion of ” 
2. | J vena 
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venal blood more difficult. Hence follow the varices 
and the piles in women with child; which latter is 
much occaſioned from the deficiency of valves in the 
vena portarum. And from hence ſpring even the men- 
ſes themſelves. And when the veins too ſlowly return 
their blood to the heart, the ſubtile vapours, being thus 
unable to return to the heart, are obliged to ſtagnate; 
whence proceeds that frequency of œdematous and 
pitting ſwellings of weak people. 

CLXXVI. The time in which an ounce of blood, 
ſent out from the left ventricle of the heart, returns to 
the right, and which is commonly reckoned the time 
in which the greater circulation is performed, is un- 
certain, and different in every different portion of the 
body. If, however, you want to know about the 
ounce of blood propelled in that quantity, which we 
have mentioned, the amount of it wilt be about 7+ 
ounces in an hour with 4500 pulſes; and the amount 
of the perfect circulations will be about 234. 

CLXNX VII. The effects which follow from the mo- 


tion of the heart and arteries upon the blood are va- 


rious, which may be deduced and eſtimated from the 
cauſes themſelves of thoſe effects, if we compare the 
blood of a living and of a dead animal, that which 1s 
healthy with that which is diſeaſed, and that which is 
inert or too little moved with that which circulates 
too ſwiftly. For we obſerve, that, in the living, the 
blood is, (1.) Conſiderably warm or hot. (2.) It looks 
red, with a fort of purple florid hue. (3.) It ſeems 
to be homogeneous or uniform, and alike in its parts; 
though they are really mixed and of different prin- 
ciples. (4.) It is made up almoſt entirely of globules. 
(5.) It flows very readily through the leaſt veſſels: 
From whence being drawn, (6.) It exhales a volatile 
Yapour, which we have already deſcribed particularly. 
In the dead animal which has not yet begun to cor- 
rupt or putrefy, we obſerve, (1.) That it has loſt a 
great deal of its redneſs. (2.) That it ſeparates into 
more denſe and a more thin ſubſtance. (3.) 1 hat 
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it exhales no vapour. (4.) Being drawn out from 
the veins, it congeals either all or the greateſt part, 
But even in the living animal, when very weak, 
where there is ſome pulle or reſpiration, though ſmall 
we find the blood cold, even to a conſiderable degree. 
If, again, you compare the blood of a human perſon, 


unactive both in body and mind, with the blood of 


one that is addicted to violent exerciſe, you will oh. 
ſerve the latter has, (I.) A greater heat. (2.) A more 
intenſe redneſs. (3.) A ſubſtance more compact, and 
ſpecifically heavier. And, (3. ) The volatile parts more 
abundant. All which apptarances ſeem manifell!y 
the eflects of the motion of the heart and arteries, 
fince they proportionably increaſe and diminiſh with 
that motion, and difappear when that ceaſes. 
CLXXVIII. Lhat we may underitand the manner 
in which theſc appearances are produced in the blood, 
we muſt conſider what are the effects of the heart im- 
pelling the ſame, and of the arterics alternately com- 
preſſing and urging it forward. And firſt we ſee, 
that the heart drives the blood into the arteries with 
a very great celerity (CX XII.) With a confuſed or 
vortical motion, the heart thus throws the blood into 
the crooked or intlected arteries, in ſuch a manner, 
that the right globules, expelled through the opening 
of the aorta, ſtrike againſt the left de ot the artery; 
from whence being repelled, they incline towards the 
right ſide, whereby all the particles of the blood are 
agitated with a confuſcd or turbulent and whirling 
motion. The blood thus impelled againſt the flexile 
and curved ſides of the arteries, of neceſſity dilates or 
diſtends them into a greater convexity ; and, laſtly, 
in the ſmaller veſſels, capable of receiving only one ot 
a tew of the blood-globules, all the faid globules come 
ſo intimately into contact with, and grate againit, the 
ſides of the ſaid artery in all their points, that they are 
even obliged to change their figure in gaining a pal- 
ſage into the veins. 
CLXXIX. But the arteries, by their elaſtic dey re. 
2 acting 
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acting upon the impinging blood, repel the ſame from 
their ſides towards the axis of the light or capacity; 
and at laſt tranſmit every ſingle particle of it through 
the circular mouths of the leaſt veſſels, by which 
the arteries and veins join together. 

CLXXX. There is, therefore, a moſt prodigious de- 
gree of friction, as well from the blood globules 
upon the ſides of the arteries, as from the arteries 
themſelves contracting round the blood; to which 
add, the attrition of the particles of blood againſt 
each other by the confuſed and vortical motion with 
which they are propelled. The effects of this friction 
may be computed from the viſcid and inflammable 
nature of the blood itſelf, from the narrowneſs of the 
veſſels through which it runs, and from the ſtrong 
impulſe of the heart, joined with the powerful re- 
action of the arteries; to which add, the weight of 
the incumbent parts raiſed by the force of the arte- 
rial blood. This fridion generates a fluidity in the 
blood, by perpetually removing the points of contact 
in its globules, reſiſting their attraction of coheſion, 
mixing together particles of different kinds, which 
become more fluid upon mixture, as we have an in- 
{tance in oil when triturated with water. It alſo aug- 
ments the ſphericity of the particles, by breaking off 
their protuberances and little branchings. But even 
theſe very ſmall particles themſelves, which are broken 
off from the large particles of the blood, put on a 
round figure by their friction againſt the ſides of the 
canals, and by their rotatory motion: By deficiency 
in theſe particulars the blood coagulates in the 
veſſels before death; and hence the loſt fluidity of 
the blood is again reſtored, by recovering the 5 
tion of the heart, as we are taght by experiments made 


on living animals. It is a queſtion, whether this mo- 


tion of the blood, and the denſity proceeding from 
it, is the cauſe of the red colour of the blood®, ſee- 
„ H Sn. ing 
Even the premiums have been unavailing, which have been pro- 
poled by ſome of the moſt famous boards of ſcicace, for A - 
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ing the redneſs is in proportion to the denſity, {nd 
increaſes or decreaſes from the ſame cauſes. This 
ſeems to ariſe from a mixture of the ferruginous with 
the oily part of the blood. | | 

CLXXXI. We may allo aſk, whether the heat of 
the blood does not alſo proceed from its motion ©? 
ſecing we obſerve heat to ariſe from the motion of 
all kinds of fluids, even of air itſelf, in our experi. 
ments; but much more does this attrition produce 
heat in the inflammable animal juices, which are den- 
ſer than water, and compreſſed with a conſiderable 
force by contractile and converging tubes. Is not 
the truth of this ſufficiently evinced, by the blood's 
being warm in thoſe fiſh which have a large heart, 
and cold in ſuch as have a ſmall one? the generation 


of 


the true cauſe of the blood's redneſs. The primary cauſe has been ſup- 
poſed to be iron, from the experiments of Menghin and Stormius; 
and likewiſe the irflux of the aerial principle according to Prieſtley; 
and an inflammable ſubſtance, conjoined with the acrial acid, ac- 
cording to Weigel and other chemiits opinions. Every bypotheſis 
has its own difficultics to encounter, If we could demonſtrate fo 
great a quantity of iron in the blood as is requilite to tinge 3olb, 
and to produce ſuch an appearance of redneſs as blood exhibits, I 
would without hefitation aſcribe the cauſe to it: but there is too 
{mall a quantity; nor does the frequent uſe of chalybeates favour 
the hypotheſis. The more probable opinion, therefore, is, that 
tome inflammable principle, ariſing from the air and our aliments, 
along with ſume metallic matter, mixed by the vital powers of the 
body, is the efficient cauſe. Perhaps ſome other cauſes are yet 
concealed. May any light be diſcovered from the opinion propoled 
by Hewſon about the efficacy of the ſpleen ? 

6 Although it be eaſier to ſhow, that animal heat is not pro- 
duced properly from the friction of the fluids upon the vellcls, 
than to ſubſtitute a more ſatistaQtory and probable explication, 
my own reading and experiments, nevertheleſs, will not allow me 
to favour this theory. On the contrary, I am perſuaded, that'the 
various ſtates and quantity of animal power in the nervous ſyſtem, 
the air's quality and acceſſibility, according to the freedom of re- 
ſpiration, to our lungs, the motion of the muſcles in their different 
degrees of increaſe and excitement, conjun&ly with the progrel- 
five motion of the blood, not only produce the vital heat, but dil- 
perſe it, when once produced, through ell the body, in propor- 
tions which vary according to the greater or leſs ſupply of vellc! 
zu the different parts. | 
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of heat being in proportion to the ſize of their bodies: 
from the more intenſe heat of birds that have a lar- 
ger heart, and more frequent or quick pulſations? 
from the increaſe of animal heat, that enſues from 
exerciſe of all kinds, and even from bare friction of 
parts? from the congelation of all the huinours 
of the human body in a certain degree of cold, in 
which a man grows ſtiff, though he yet retains ſome 
warm blood and is alive? and from the coldinels of 
ſuch people as have their pulſe weak and obſcure ? 
Nor does the heat at all ariſe at firſt from any degree 
of putrefaQtion in the blood, ſeeing the humours 
themſelves, when left at reſt, generate no heat. Nor 
muſt we explain an evident appearance from the ac- 
tion of ſuch an obſcure being as the v:ta/ power ; and 
though ſometimes the heat may be greater when the 
pulſe is flow, and leſs when it is more frequent, the 
difference may ariſe from the different diſpoſition of 
the blood, from the different denſities of the veſſels, 
or the increaſe or diminution of perſpiration. 

CLXXXII. The ſame cauſe alſo hinders putrefac- 
tion, by not ſuffering the inteſtine motion to be di- 
miniſhed, and by diſlipating ſuch particles as have al- 
ready begun to be corrupted. | 

CLXXXIII. But the different natures of the ſeve- 
ral particles themſelves, which conjunctly make up 
the maſs of blood, are the cauſes by which, from one 
and the fame impetus of the heart, different effects or 


. conſequences are produced in different particles of the 


blood: Namely, thoſe particles move quicker, whole 
greater denſity makes them receive a greater impetus, 
and whoſe apt figure or leſs extended ſurface makes 
them meet with leſs reſiſtance in the fluid in which 
they move. I hoſe alſo are driven along more ſwiftly, 
which, either from their weight, or from the direc- 
tion in which they paſs out from the heart, are urged 
chiefly into the axis of the veſſel. Thoſe again will 
ſtrike againſt the convexities of the flexures in the 
arteries, which have the greateſt projectile motion; 
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while the other parts of greater bulk and tenacity, 
having leſs projectile motion, will move fluggithly 
along the concavity of the veſſcl. And in this man- 
ner is the blood prepared or diſpoſed for the ſeveral 
ſecretions. 

CLXXXIV. The ele of the arteries renders the 
parts of their contained fluids more denſe or compact, 
while they contract round the blood as round a ſolid 
obſtacle; which being in ſome parts viſcid and com- 
preſſible, they drive and expel the more liquid parts 
into the lateral mouths or ducts, at the ſame time in. 
crealing the points of contact betwixt the globules 
themſelves, combining their more large and denſe 
ſpherules, and compacting the flat particles into denſer 
bodies. But the denſity of the blood 1s partly as the 
number of globules, and partly as the denſity of the 
materials whereof theſe globules are compoſed. 

CLXXXV. Moreover, the mouths of the leaſt 
veſſels pervious to only one globule at a time, ſcem 
to be a fort of moulds to figure and break off the 
angular eminences of the particles in the blood, and 
bring them to a ſpherical figure; which at length they 
put on, and change into perfect ſpherules. Laſtly, 
from hence ariſes the denſity of thoſe particles; 
ſince, of all figures, ſpheres contain the moſt within 
a given ſurface. 

CLXXXVI. The reticular diſtributions and inoſcu— 
lations of arteries remove any danger of obſtruction; 
ſince in any part of the artery where the blood co- 
hering begins to form an obſtruction, a contrary flux 
is admitted, by which the obructing matter is repelled 
to a larger part of the trunk ; and thus betwixt the re- 
flux and the direct torrent of the blood, the ſaid 
matter is broken and attenuated, This mechaniſm 
alſo ſupplies the deficiency from an icremovable ob- 
ſtruction or the loſs of a veſſel, by cauſing a greater 
diſtenſion or enlargement of the next adjoining or 
anaſtomoſing veſſel; as is proved by experience in 
ſurgery, after tying and cutting a great artery, ban 
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collifion of theſe oppoſite torrents of blood take ſome- 
thing from its velocity; and the reticular diſtribution 
augments the friction of the globules. 

CLXXXVII. As the quicker motions of the blood 
in the trunks conduce to ſanguification, ſo the ſlower 
motions of it, in the leaſt veflels, have their effects 
towards the ſecretions. In the larger arteries, we fee 
the different particles of the blood are whirled about 
amongſt each other with a rapid and confuſed mo- 
tion; but, in the lefler ramifications, the progreſſive 
motion of the blood being diminiſhed, the more loote 
colourleſs particles depart laterally from the more 
denſe and red globules, while the latter keeping on 
their courſe more firmly along the axis of the veſſel, 
expel the former laterally and to the circumference. 
Thus the attractive powers of the particles in the blood 
increaſe as their progreſſive motion abates ; hence, 
the oily or fat particles are drawn one to another, 
and go off by the open lateral ducts that lead to the 
cellular ſubſtance ; which particles we know are both 
groſs and ſluggiſh: and again, other thinner juices 
are ſent off through lateral branches of a much 
ſmaller orifice, till at length little more than the red 
blood alone remains to paſs througa the evaneſcent 
artery into the incipient vein. But all theſe particu- 
lars, by which the blood is diſpoſed for the ſecretions, 
we ſhall conſider diſtinctly in the following chapter. 


C:H AF. VM, 
Of the SECRE TIONS. 


CLXX XVIII. HE. clafſes or tribes of humours 
which, being depoſited or ſtrain- 

ed of from the blood into other veſſels, are ſaid to 
be ſecerned or ſecreted, ſeem reducible to four : of 
The diverſity, in fact, is great of the fluids prepared in the 
ics of animals, which is evident in their quantity, nature, and 
elements, produQion, uſe, ſucceſſion, and changes. The tears, 
{aliva, mucus, fat, oil, ſweat and perſpiration, both external and 
in- 
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which the „ien includes all the viſcid and lymphatic 
juices, which are coagulated by a heat of about 159 
degrees, by alcohol, and by acids; although generally, 
in the living animal, they are capable of flying off in 
torm ot a vapour, and after death are within the ſame 


veſſels 
internal, into the cavities and inteſtines ; the urine, gaſtric and 
intettinal fluids ; the bile, the lubricating liquor of the joints, the 
ſemen, the juice of the proſtate gland, the lymphatic juices, milk, 
chyle, and other liquors, whoſe nature is not yet ſufficiencly known, 
as that in the gall-bladder, ſecreted from the cellules of the inter- 
nal coat, and ſome others: In all theſe, that ſome agreement 
ſubfiit-, but in others the greateſt difference, is certain. But 
Halicr's diviſion into four claſſes is not perfectly conſonant with 
truth; for more-marks of difference are given, though I do not 
ſee the diltin& limits. Chemiliry ſhows certain particles in fome, 
which others clearly want; there are however ſeveral chemical 
combinations ſo ftrongly united, that the gentle actions in our 
body are ſcarcely conhtiit-nt with them. For the moſt part we 
ought not to truſt thoſe parts which we obtain by the operation 
of tire, and which are in our humours under clearly a different 
nature. However, chemiſtry has enabled us to reduce the animal 
humours into ſome certain claſſes. They ſeem capable of being 
divided into three ; the pure, mixed, and dubious, 

The firſt claſs contains clearly, (1.) Thoſe merely aqueous, 
and as if excrementitious, whoſe ſecretion is always copious 
and they contain, along with a great quantity of water, ſome 
oil and ſanguincous exhalation, mixed with a little earth. Na. 
ture often wonderfully differs in the place of ſecretion, that al- 
mott always one may be ſubſtituted to the other with the greateſt 
ſafety to health ; but they are often determined to the internal ca- 
vities, as in dropſy, to the great danger of life. To this chiefly 
belongs that part of the tears which ariſes from the exhaling vel- 
ſ:1s, the urine, perſpiration, and ſweat, Thefe liquors never are ſe · 
creted from true glands, but from the veſſels continued. (2. ) The 
talivary liquors: With much water they join a ſaponaceous ſolvent 
principle; aud although no pure mucus is mixed, they always ſhov 
ſome tenacity, and poſſeſs a wonderfully aſſimilating power; hence 
their primary uſe in the preparation and digettion of our aliment; 
but at the ſame time, the greateſt power of contaminating and in- 
fecting it, as in contagion, kiſſes, biting, &e. I refer to this 
the true ſaliva effuſed into the mouth, the pancreatic juice, the 
gaſtric and intettinal liquor, the part of the tears which comes 
irom the lachrymal gland. Theſe are all ſecreted through true 
conglomerate glands furniſhed with an excretory duct. (3+) 1 
mucus. Mucus is a very natural fluid, nowhere produced unleſs in 
the inner ſurface of the body, ſecreted from true follicles wore 
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veſſels compacted into a gelatinous thickneſs. To 
this claſs belong the vaporous juices of the ventricles 
of the brain, of the pericardium, pleura, peritoneum, 

H 4 vaginal 


forming mucus. It is made up of a leſs proportion of water than 
the preceding genera, with a pituitous, tenacious principle ductile 
into threads, which when dried leaves much earth. This phlegm 
is wonderfully increafed and diminiſhed, according to the diverlity 
of climate, atmoſphere, aliments, Fan. and way of life; and it 
is thrown out of the body to the great ſafety of the conſtitu- 
tion, and at the ſame time ſerves for lubricating the various in- 
ternal places and canals. The moſt remarkable of this kind are, 
the mucus of the nottrils, fauces, aſpera arteria, alimentary canal, 
gall-bladder, urivary paſſages, vagina, and in part the liquor 
of the proltate gland. (4.) The oily and ſebaceous: a ſpecies 
differing from all, ſecreted on the external ſurface of the body, 
for lubricating the ſame, and defending it againſt friction and the 
injurics from the air, depoſited from the blood in real crypt, 
or ſecreted through orifices or canals proper to the places for 
which it is deſtined. With a very tmall proportion of water it 
unites a great deal of oil and inflammable principle, ſome volatile 
acrid matter, with a little earth. The 1:quors of this kind, however, 
differ in ſome places, according as they are mixed with various 
foreign ſubſtances. The wax of the cars has an agreement with 
the bitterneſs of the bile ; the odorous glands of the penis and 
nymphæ mingle in their compolition more volatile acrid matter than 
the fat. The primary ſpecies of this kind are, the oily matter 
on the hairy ſcalp of the head and face, the inteſtinal liquid of 
Meibomius, the wax of the ears, the viſcid ſubſtance about the 
areolz of the mammæ, about the umbilicus, the oily emanation 
under the axillæ, in the groin, in the interſtices of the fingers of 
the hands and toes of the feet, the odoriferous glands under the 
preputium, and in the nymphæ, and in general upon the whole 
ſkin. (5.) The gelatinous coagulable liquors, which I call Hu- 
#batic by a better appellation. This gelatinous part of the blood 
the imalleſt arteries depofite into various, not all, the cellular 
places of the body : it is found particularly betwixt the tunic and 
parenchyma of the bowels, under the integuments of the body 
and its cavities, in the very cellular ſubltance of ſeveral of the viſ- 
cera, and in the ſyſtem of the lymphatie veſſels. 

The ſecond claſs comprehends ſuch liquors as are manifeſtly 
compoſed of a different mixture alone of the liquors of the firſt 
claſs, and when mixed have in part ſomething proper. The tears 
iſſue from a double fountain: the milk conſiſts of the very chyle 
of the food, of ſome ſaliva, oi}, and fat, and a good part of the 
lymph : the compoſition an the bile is a great quantity of the 
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vaginal tunic of the teſticle, of the amnios ©, joints, and 
probably of tie womb, with the juice of the ſtomach 
and inteſtines, of the renal capſules, and laſtly the lymph 
itſelf commonly known and called by that name. 

CLXXXIX. The fecond claſs is thoje of juices ; of 
which ſome are exhalable, like the former (CLXXX,), 
but being more ſimple and aqueous, are neither to be 
coagulated by fire nor by rectified ſpirits of wine; and 
others do not exhale, but, being depoſited in their 
reſpective excretory ducts, are expelled by ſome com. 
mon outlet, proper to a part of ſome gland. To the 
former of this claſs belongs the perſpirable matter of 
Sanctorius, part of the tears and watery humours of 
the eyes. To the latter of this claſs belong the te- 
maining part of the tears, the ſaliva and pancreatic 
juice, that of the renal capſules, and the urine. The 
ſweat ſeems to be a mixture of the perſpirable matter 
and the tubcutaneous oil. 

CXC. The third claſs, differing from both the pte. 
ceding, includes the viſcid, fluggiſh, or ropy juices; 
but ſuch as are of a watery diſpoſition, and not con- 
gealable into a jelly, but hardening into a cruſt: like 
or ſcaly ſubſtance, by exlialing their water, Theſe 

do 


ſalivary liquid, a good deal of oil, a little mucus, and a fingular 
balſamic bitter and ſtimulating ſubſtance: the liquor ia the 
joints is maniteftly mixed with oil, lymph, and ſome part of a ſa- 
ponaccous liquor: the liquor of the proſtate gland is mixed with 
chyle, mucus, and lymph. We have not yet a complete know- 
ledge of the nature of the ſemen, at leaſt it is not to be referred 
to the mucus ſolely; although, that it contains muccs of a very 
mixed nature, is ſufficiently demonſtrated from its peculiar and 
ſpecific ſmell, its gravity, and the animalcula it contains. 

My third claſs comprehends ſome hypotheſes, mottly referring 
to fluid bodies, whoſe nature and diſpoſition ſtill is a myſtery to 
us. To this head I refer the electric matter of animals, mag - 
petiſim, nervaus principle, 

07 As we do no find that nature of all coagulable liquors con- 
ftant, their paſſing ta a thick gelly, but are often found like aqueous 
ones; ſo it by no means univerſally bolds of the liquor amnii; for 


by my own experiments I am certain, that it often evaporatcs 


like water, without any appearance of gelly. 
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do not efferveſce with any ſalt, and are contracted 
and made thicker by acids. By lixivial ſalts they are 
diſſolved. By fire they are reſolved into water, a 
little volatile ſalt, and a little oil. Of this fort is 
every kinds of mucus in the body, which we find 
ſpread through all the internal paſſages, whether de- 
ſtined for the tranſmiſſion of air, aliment, or urine, 
and the cavities above the parts of generation; to 
which ſort may be added allo the ſemen. 

CX CI. The feurth and laſt claſs is that of the in- 
fammable juices, which at their firſt formation are in- 
deed thin and watery, but, by tune, ſtagnating and 
exhaling their more watery parts, become a thick, 
oily, mflammable liniment, oiten very bitter. To 
this claſs we refer the bile, ear-wax, ſebaceous and 
oily liniment of the ſkin, the marrow in the bones, 
and all the fat of whatever conſiſtence or in whatever 
part ſeated throughout the human body. To this 
claſs alſo belong caſtor and the yolk of an egg. And 
the milk itſelf, ſo far as it is butyraceous and inflam- 
mable, belongs to this claſs. 

CXCII. Other humours, which we have deſcribed 
as ſimple, are compounded of the foregoing ones; as 
milk is compoſed of butter and water, and the lini- 
ment of the joints of lymph and fat. | 

CXCII. Thoſe who conſider that in the blood are 
found a coagulating ſerum (CXXXVII ), an exhalin 


water (CX LII.), a fort of viſcid mucus (CXXXVIII.), 


and laſtly an oil (CXLII.), may perceive the poſſibi- 
lity to ſeparate from the blood all the foregoing claſſes 


(CLXXXVIII. to CXCI.) of humours; in as much as 


ve thus ſee their conſtituent principles are already in 
the maſs of blood itſelf. But in what manner it is 
brought about, that oil is ſeparated from the blood in 
one part, a watery liquor in another, or a gummy 
mucus in a third, is a queſtion that ſtill remains to 


| be explained, and requires a previous deſcription of 


the lecretory organs themſelves. 


CXCIV. The coagulable juices are ſeparated almoſt 


every 
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every where, from the arteries themſelves, into conti. 
nuous excretory canals, without any intermediate or- 
gan or machine betwixt them, The proof of this we 
have from injections of fiſh-glue, water, and thin oils, 
which very readily pals the red arteries, and are pour- 
ed out like ſweat into all the cavities of the body, in 
which that coagulable vapour is naturally found; nor 
do the injections in this courſe meet with any inter. 
mediate- knots or ſtops from any hollow cavities or 
cells. Finally, the blood itſelf, being fo readily 
poured out into moſt of theſe cavities, without any 
permanent damage, when its courſe is either much 
obltructed, retarded, or urged with a greater impetus 
through the arteries, ſhows plainly that there is a 
ſhort and open way betwixt the red blood-veſſels and 
thoſe excretory ducts. 

CXCV. Another liquid, coagulable by acid ſpirits 
and alcohol, is the albuminous humour of the joints, 
This being compoſed of fat, medullary oil, and the 
exhaling liquor, conſtitutes an excecding ſoft lini- 
ment, very fit for lubricating the cartilages, and lel- 
fening the friction. For ſecreting this, there are 
appointed certain conglomerate glands of a peculiar 
{tructure, which are ſituated in the articulations of the 
bones, fo that they may be moderately compreſſed, 
but cannot be cruſhed. 

CACVI. The itruQture of theſe glands is pecu- 
Jiar to themſelves. The larger cluſters of glandular 
kernels adhere, for the moſt part, to the bone, by a 
broad batis wrapped up in fat. From thence, being 
drawn out into a kind of creſted edge, they pour out 
their liquor from an exceedingly thin border, by open 
ducts, which however I do not find very evident. 
Other leſſer ones, placed every where in the capſules 
of the tendons, and between the diverging fibres ot 
the ligamentary capfules of the joints, ſeem to be 
much of the nature of ſimple glands, and are turgid 
with yellow mucous ſerum. 


CXCVII. The uncoagulable juices (CLXXXIX.) 
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of the firſt ſort are ſecreted in the ſame manner with 
thoſe which harden (CLXXXVIII.); to wit, from the 
exhaling. arteries, which ariſe from the red fanguine- 
ous arteries, without any intermediate follicle or ca- 
vity betwixt them. Thus the veſſels, which pour out 
the perſpirable matter through the {kin and lachrymal 
ducts of the firſt fort, ſuffer a watery or thin gluey 
injection to tranſude fo readily from the arteries, as 
leaves no room to doubt of this truth. + And theſe 
ſecretory ducts have allo a conſiderable degree of irri- 
tability; whence, by any ſtimulus or contact of acrid 
particles, they diſcharge more juice in a given time 
than what they diſtil in a ſtate of health. 

CXCVIII. But in the latter falival kind of that 
claſs, the ſecretion is made by means of conglomerate 
landules, which the ancients ſo called from their 
cluſter-like fabric, and eſteemed almoſt the only 
proper glands, 'Theſe are compoled of roundiſh lo- 
bules or cluſters (ſomewhat like thoſe in bunches of 
grapes, currants, barberries, &c.) looſely conjoined 
together into larger maſles by the yielding cellular 
ſubſtance, which, at laſt, often forms a denſer coat 
or covering to the whole, ſuch as we ſee in the paro- 
tid and maxillary glandules. Through the intervals 
* WW betwixt theſe glandular cluſters or grape-like bunches, 
run the arteres and veins, which are here large or 
conſiderable enough. But molt of the conglomerate 
glandules ſeparate their juices in ſuch a manner from 
the blood, and from thence diſcharge it ſo, that each 
kernel ſends out an excretory duct; wich, joining with 
others of the ſame kind, form larger trunks, which at 
laſt, in the manner of a vein, end in one canal, which 
conveys the humour, ſeparated by the gland, to the 
part for which it is deſigned, as the cavity of the 
mouth, inteſtines, ſurface of the eyes, &c. There 
are, indeed, ſome of theſe glands in which the ſaid ex- 
cretory ducts are either not preſent, or at leaſt not yet 
diſcovered; as we obſerve in the thyroideal glandules, 
thoſe called cap/ule renales, and the thymus; unleſs 
. we 
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we ſuppoſe theſe to approach to the nature of con- 
globate glands ©, 


CXCIX. The acini or kernels of theſe conglome. 
rate glands are each of them circumſcribed and limit- 
ed by a harder ſtratum of the cellular ſubſtance ; by 
which ſubſtance they are alſo ſubdivided into leſs 

; acinuli, 


63 All phyſiologiſts and anatomiſts talk of the glands, as bodies 
which, by reaſon of a peculiar fabric ſuited to their funQiong, 
differ from the other parts of the body, as arteries, nerves, muſ- 
cles, bones, &c. ; and for the greateſt part are endowed with the 
faculty of ſecreting. Under this name of gland come many bo- 
dies, though they are infinitely different: but you every where 
find the utmoſt confuſion, an illicit commixture of organs, which 
it is evident ſhould be ſeparated from each other; and fa great an 
uncertainty in the deſcription of things, that unleſs you ſeparate the 
true from the falſe, the probable from the improbable, you ſcarcely 
know what really deſerves the name of gland. For nobody will 
be ſo ignorant of anatomy, who, if he confiders all theſe things 
with a ſmall degree of attention, will not immediately ſee, that 
the name of glands is received in the moft ample ſenſe. It is evi- 
dent, that the mzmme, furniſhed with true glands, diftin& pa- 
pillæ, and real excretory ducts, in which they convey a certain 
liquid to the ſurface of the body, have little relation to the glan- 
dula thyroidea, deſtitute of papillæ, excretory duct, and liquor; 
nevertheleſs the name of gland has been conterred upon that ſame 
body equally as upon this laſt. 

Indeed ſeveral authors of later times have agreed, that in glands 
there is a natural difference, as they ſay; ſo that they conſtitute 
one claſs of conglobate, and the other of conglomerate; to the 
former, referring thole bodies of glands in which no diſtinct pa- 
pillz appear; to the latter, thoſe which are furniſhed with real 
papillæ. Rut that diſtinction ſeems to me to come nearer nature, 
if the glands are ranked, according to the function of ſecreting, 
to conſtitute two claſſes; one of which comprehends the whole 
feries of glands, ſcereting a true and known liquor; the other 
contains the genera and ie of the glands, whoſe liquor and 
mechaniſm of ſecretion is either not ſufficiently clear, or only 
fictitious. 

Into the firſt claſs, therefore, deſerve to be placed all the true 
ſalival glands or other conglomerate ones; as the parotid, maxil- 
lary, lingval, lachrymal, thoſe of the cheek, mammary, the pan- 


creas, Brunner's, and Peyer's ones of the inteftines, Havers's ones of B 
the joints, and an infinite number of cutaneous ones: For it is com- 2 
mon to all theſe, the ſeries gradually diminiſhing, to be formed from 


lets portions; the leaſt of which, marked by the name of papille, 
ſcarce 
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acinuli, as is evident to the eye and by the micro- 
ſcope. But it may be queitioned, How does this ſub- 
diviſion end? Whether or no is every ſimple acinus 
or kernel hollow in its middle, that by receiving the 
humour tranſuding from the arteries 1nto the follicle 
or cell, it may be ſent out thence by the excretory 
duct? Whether or no are we perſuaded to believe 
ſuch a fabric obtains from the ſmall ſhot-like ſtones 
and hydatides bred in theſe glands with the round 
| ſcirrhi that ſometimes fill the kidneys? Whether are 
the larger viſcera, appointed tor the ſecretion, of the 
nature of conglomerated glands? Whether is this 
opinion made probable from the morbid round con- 
cretions formed in the liver, ſpleen, kidneys, teſticles, 
and cortex of the brain; or from the bunch-like di- 
viſion or appearance which thoſe viſcera have in, 
younger animals? Whether the cellular ſubſtance, 
that ſurrounds the extreme vaſcules in all parts, does 
not communicate by open areolæ or cells, in which a 
ſecreted humour is poured by theſe glandules ? 

CC. In ſhort, none of theſe arguments appear true 
or concluſive. For the acini, which are found in the 
viſcera of brute animals, are component lobules, and 
not elementary parts; but are large and compounded 
for the conveniency of each beaſt. The morbid 

con- 
ſcarce viſible however, conſiſt of cellular ſubſtance, which com- 
prehends arteries, veins, and an excretory duct, with an inter- 
mediate follicle or cavity. Theſe excretory ducts either open into 
a cavity with a ſmall mouth, as in the inteſtines or ſkin itſelf; or 
run into a greater duct, as they ſeck an ifſue in moſt of the ſali- 
val ones, or ſeveral greater or leſs ones, as in the mammæ and 
ſublingual ones. By theſe marks, the true ſecreting glands, on the 
one part, may be dittinguiſhed from the non- ſecreting; and on the 
other part, from the ſecreting viſcera, the liver, kidney, and teſticle, 

The ſecond claſs comprehends a multiplicity of different parts, 
viz, the comprehenſive and ample ſeries of lymphatic glands; 
Pacchion's corpuſeles in the dura mater, not yet ſufficiently under. 
ſtood ; the pinealis and pitvitaria in the brain, unjuſtly called 
glands; the thyroid in the neck; the thymus in the breaſt ; the cap- 


ſulæ renales in the abdomen, &c. The proſtate, I think, as it, 


pives out a true liquor, ſhould be ranked among the viſcera, ra- 
ther than among the glands. | 


* 
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concretions are almoſt all of them a ſort of placentuls, 
formed in the loculi of the cellular ſubſtance, and take 
up their ſeat even in the limbs themſelves, where there 
is not the leaſt room to ſuſpect any thing of a glandu. 
lar fabric; and are compoſed, as to their matter, of b, 


earth, 8 vaporous particles, extravaſated into ſome 


of the leaſt interſtices of the cellular ſubſtance, where, 
ſtagnating and compreſſing the adjacent follicles, they 
form to themſelves proper membranous tunics. On 
the contrary, the watery and fluid nature of the juice 
ſecreted in theſe glands (CLXXXIX. ) is an argument 
that it meets with no arreitment in the ſeparation, nor 
places of ſtagnation in its way. For all the juices that 
reſt any time in the warm cavities of the human ho. 
dy, which are full of abforbing veſlels, are each of 
them more or leſs inſpiſſated, and approach either to. 
wards a mucous or an oily diſpoſition. Moreover, if 
there were any ſuch arreſtments, anatomical injeQion 
would meet with more difficulty in paſſing from the ar. 
teries into the excretory ducts of thoſe glands; which, 
under ſuch circumſtances, would be impervious to 
thick injections, and thin ones they would exhale into 
their cellular fabric. Yet we ſee that the ſuperlative 
art of great anatomilts has not only conveyed injec- 
tions, but even thick ones like wax, directly from 
the arteries of the ſaſival glands, liver, &c. into their 
excretory ducts; and this without filling up any inter- 
mediate knot-like cavities, which, according to the 
foregoing hypotheſis (CXCIX. \; ſhould be the caſe. 
CCl. Therctore the acini or Kernels of theſe glan- 
dules appear compoſed merely of arteries and veins 
divided and ſubdivided, parted and connected, by the 
intervention of a good deal of cellular ſubſtance, whole 
ſtrata growing gradually more compact or firm as they 
enlarge, at length ſhow their contents moulded into 
a ſort of globular nut-lixe figure. In the belief of this, 
we are confirmed by analogy in the lobes of the lungs, 
the lobules of the thymus, and from the ſtructure ol 
inſeas; but more eſpecially the labric of the teſtigle, in 
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which we plainly ſee. wy lobules are formed of 
excretory ducts, connected together in faſciculi by a 


very ſoft membrane. But they ſeem not to pour their 


juices into a cellular fabric, which would intercept or 
make difficult the paſſage to an excretory duct. The 
late experiments alſo of very eminent anatomiſts have 
hown very mall, white, cylindric veſſels, to be the real 
elements of the viſcera; and it is to be hoped that this 
diſcovery will be confirmed by future obſervations. 
CCll. Thin watery juices, neither coagulable nor 
wholly evaporating, are likewiſe in other parts gene- 
rated without the aſſiſtance of conglomerate or kernel- 
like glandules. For thus the urine is depoſited from 
the red or ſanguinous arteries into membranous pipes, 
with which they are manifeſtly continuous, and form 
an ealy way, admitting air, water, and mercury, to 
paſs in like manner. And after the ſame manner, 
though leſs evidently, the nervous juice ſeems to be 
ſeparated in the brain. 5 
CCL. The third claſs, or mucous juices (CXC.) 
are indeed almoſt every where ſeparated into, and 
diſcharged from, ſinuſes or hollow glands®. Theſe 
true glands or follicles have, in general, ſuch a fabric 
as makes up an ample cavity, every where circum- 
ſeribed by a membrane; but in ſuch a manner, that 
the fleſh itſelf of the part to which the gland adheres 
is often taken for another cloſe hemiſphere of the 
follicle. The ſaid cavity or follicle is generally 
round ; but ſometimes it is oblong, and oblique- 


ly 


© Many anatomiſts, and thoſe even of great note, often con- 
found the words gland aud fellicles ; ſo that ſpeaking of glands ; 
they call them /licles, but when they talk of follicles, they call 
them glands; between which bodies, however, a great difference 
ſubſiſts. Folliculus and crypta is almoſt one and the-ſame part, 
to wit, it denotes a membranous cavity, conſiſting of one or ſeveral 
places of retirement, into which the veſſels depoſite a liquor, re- 
maining a longer or ſhorter ſpace in it, ready to be excreted for 
the molt part by a mouth or even a canal. I would with to uſe 
this word ſe/licle, when we ſpeak of mucous liquors ; and crypto, 
hen we ſpeak of oily or febaceous liquors. 
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ly creeping betwixt the adjacent parts; as, for ex. 
ample, in the urethra of the male, and in the folli. 
cles of the ſinus muliebris. They are irritable; and 
when ſtimulated by acrid ſubſtances, increaſę the quan. 
tity of their ſecretions. | 
CCIV. Into thele follicles or cells the leaſt arteries 

(or the vaſcular fleſh ſurrounding each crypta or cell, 
and compieting its convexity) open by producted ex. 
tremities within the cavity of each crypta, into which 
they diſtil or exhale their reſpective juice; where, being 
retained from the narrownels of the excretory duct, the 
more watery parts are drawn up by the abſorbin 
veins, which correſpond to and reſemble the exhaling 
arteries; and thus the follicular juices receive a con- 
fiderable degree of thickneſs. The truth of this we 
are taught from the ſtructure of the ſimple follicles 
obſervable in the tongue, in which both the importing 
arterial ducts or pores, and likewiſe the excretory 
mouths, are viſible to the eye; and from the velvet- 
like tubuli lining the ſtomach of birds, in which a ſe- 
cretory villoſity manifeſtly hangs in the cavity; and 
laſt!,, from injections which diſcharge a colourleſs 
into the ſimple glands ®?, 

CV. Whether the mucous cavity of ſuch a glan- 


dule be long or round, it has always an excretory dud, 
which for the molt part is none of the leaſt; altho', 


in the round mucous glandules, the diſcharging duct or 
orifice be leſs, in reſpect to the reſerving cavity, than in 
others. This diſcharging orifice often opens into the 
common large cavity, into which the mucus is to be 
poured, without any intermediate duct; for thus it 1s 
in the back of the tongue, and in the ſimple glands of 
the ſtomach and inteſtines, where they have been de- 
nominated crypte or cells by Ruyſch. The ſinuſes 
have often the like fabric opening without an inter- 
vening duct, as in the urethra of the male. 

2 I. 


70 By metaſtaſis nature depoſites in diſeaſes a foreign matter 
in theſe follicles, as we ſce in the ſmall-pox found in the noſtrils 
larynx, aſpera arteria, and inteſtines. 
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CCVI. Another kind of theſe glandules is, where 
ſimple follicles are folded up together in one com- 
mon covering, and open with their gaping orifices into 
one common ſinus, without forming any true excre- 
tory duck. This fabric we obſerve in the tonſils.— 
Theſe are called conglutinated glands. 

CCVII. Other ſimple glands of this claſs have an ex- 
cretory dudt, by which they expel their mucus ; namely, 
2 narrow, membranous, cylindric, ſmall veſſel, open- 
ing with its poſterior orifice into the cavity of the 
glandule, and with its anterior orifice opening into 
the common cavity, for which its mucus is deſigned. 
Theſe excretory ducts are of confiderable length in 
the ſubcutaneous and ſebaceous glands, and in thoſe 
of the palate and wind-pipe. In ſome parts alſo, the 
pore or orifice, and its duct, are more eaſily demon- 
ſtrable than the follicle or body of the gland itſelf ; 
as in the noſtrils, larynx, rectum, & 

CCVIII. In others, again, an aflemblage of theſe 
duds, ariſing each from its reſpective follicle, run to- 
gether into one like the branches of a vein, ſo as to 
form a conſiderable excretory canal, common to a 
number of follicles. To this kind belong the com- 
pound mucous glands of the inteſtines, ſome of the 
larger in the cavity of the urethra, with the blind or 
imperviqus duct or ſinus at the root of the tongue; 
to which, in brutes and birds, add the fringe- like tu- 
buli of the ſtomach. The glands of this ſort may be 
called femple ones compounded or continuous: but where 
they lie only contiguous one to another, they may be 
called ſimple aggregate or congregated glandulzs ; as 
are thoſe of the fauces, ſtomach, inteſtines, &c. 

CCIX. The inflammable juices (CX CVI.) are ſepa- 
rated by organs differing in their fabric. Ihe fat and 
marrow are depoſited without the intervention of 
glands, from the ſmall mouths of the leaſt arteries 
into the cellular coat or rather ſubſtance; and the 
lame fat again eſcapes from under the ſkin by ſmall 
pores or duQts, without the aſliſtance of any glandular 

Vol. I. I follicles. 


[ 
| 
| 


——ä—ä ̃ — . — a 


Immediately from the extremities of the porta into 


1. SECRETIONS. cn. vim. 


follicles. But the ear-wax, and the waxen or ſuety 
liniment of the ſkin, are ſeparated by glands of divers 
kinds. Moſt of the ſebaceous glandules are viſible 
enough, with an open or naked mouth in the ſkin, 
that leads immediately into the follicle, without any 
duct of conſiderable length; as we fee in the external 
ears, noſe, rings about the nipples, in the female 
nymphæ, and the valley or groove that runs betwixt 
them and the external labia, 1n the clitoris, and in the 
male glans and prepuce. Theſe differ but little from 
the cryptæ (CCV.) except in their contained matter, 
which they ſeparate. 

_ CCX, There are others of the ſebaceous glands, 
vhich have an excretory duct of a conſiderable length, 
like molt of thoſe in the ſkin; which, being ſeated in 
the cellular ſubſtance, have conſequently a duct long 
enough to perforate the ſkin Thus we fee it molt 
evident in the face, where the length of the duct is 
often to be meaſured by the concreted maggot. like 
fubſtance preſſed out; the bulk of which demonſtrates, 
that a follicle or cell lies under the narrower pore. 

CCXI. there are ſtill other ſebaceous glands of the 
kind mentioned CCVIII. in which many cryptæ by 
ſmall ducts meet together in one larger excretory 
duct. Thus in the face, in feveral places, there are 
large pores in common to a number of ſubjacent 
cryptæ. And ot this kind are thoſe ſebaceous ſinks or 
little inteſtines in the eye-lids: and thus it is in the ſe- 
cretory organs of the muſk goat, beaver, hyæna, civet- 
cat, and muſk- rat, which gather their ſebaceous matter 
into one common receptacle. 

CCXII. The milk, being a humour of its own par- 
ticular kind, formed of oil and watery juices inter- 
mixed, is ſeparated by conglomerated glandules whoſe 
fabric we deſcribed at CX CVIII. Whether the ſecre- 
tion of the bile be glandular, is controverted ; but 
there are many arguments to perſuade us, that the 
liver is a mere vaſcular fabric, whence the bile diſtils 
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the pori biliarii, or roots of the biliary ducts, without 
paſſing any cells or follicles by the way: and in this 
we are more eſpecially confirmed by the Ruyſchian 
art of injection, in which the wax pailes directiy from 
th- porta into the biliary duats, without exhibiting 
any intermediate knots or ſtoppages; and theretore we 
ſee the milk and bile are both ot them much thinner 
and more watery than the fat, or the febaceous mat- 
ter which thickens in follicles. 

CCXIII. It now remains for us to inquire, how, 
from one common mals of the blood, the fame variety 
of peculiar juices are conſtantly ſeparated each in its 
reſpective place; ſo that we never ſee milk tecreted 
in the kidneys, bile in the thymus, or mucus in the 
ſebaceous glandules. This problem will not be ſol- 
ved, till we ſhall have previouſly acquired a thorough 
knowledge of the intrinſic fabric that obtains in each 
ſecretory organ. In the mean time we ſhall here 
propoſe what has been hitherto advanced with cer- 
tainty on the ſubject. 

CCXIV. Now, firſt, the blood itſelf, from whence 
any liquid is to be ſecreted, in the various parts puts 
on ſuch a character or diſpoſition there peculiar to itſelf, 
that more particles of a like nature with the humour 
abound in that portion of the blood, which nature in- 
tends to ſeparate from it. In the liver, the venous 
blood arrives with a very flow motion, full of oil, and 
full of the ſemiputrid vapours of the inteſtines. To the 
teſticles, the blood is brought ſlowly through very 
long ſlender and infle&ed canals, ariſing at very ſmall 
angles, and paſſing out of the abdomen through a cold 
tract under the ſkin. In the carotids, it is probable 
that the ſtronger, ſpirituous, and denſe parts of the 
blood aſcend; while whatever is more watery de- 
ſcends into the abdomen and to the kidneys; alſo to 
the forming of the ſalival juice of the pancreas, and 
the liquor of the ſtomach and inteſtines. | 

CCXV, Another preparation of the blood, Wr 
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ſecretion, is from its retardation in the leaſt veſſels: 
whereby the red and denſer parts go on by them. 
ſelves along the axis of the canal; while the other 
lighter and more ſluggiſh particles, going on with a 
leſs velocity, recede to the lateral openings or bran- 
ches, ſo as to enter the ſecretory orifices, which paſ 
out from the ſides of the ſaid veſſels; and to theſe 
they adhere by their viſcoſity. 

CCX VL. Theſe orifices, though of different diame- 
ters, are yet always {mall enough, in their healthy and 
natural ſtate, to refuſe the red blood. Hence, there. 
fore, we may conclude, that, being enlarged by an 
increaſed force of the heart, they every where admit a 
good deal of the red blood from the ſanguineous ar- 
tery, which they ariſe from and open into, as we can- 
not with probability ſuppoſe them to be much leſs than 
the red globules: And hence the ſame ſecretory ori- 
fices or ducts, which refuſe thick injections of wax or 
ſuct, do nevertheleſs generally admit thinner liquors 
injected into the arteries. Therefore this is the firſt 
and moſt ſimple mechaniſm of ſecretion; viz. that the 
light or opening of the excretory duct may admit 
only ſuch particles as have their greateſt diameter 
leſs than the diameter of the ſaid opening. From 
this reaſon only it 1s, that the yellow arteries convey 
a pure liquor from the blood, and that the uriniferous 
ducts exclude both the red blood and coagulable ſe- 
rum. But this is not the ſole cauſe, ſince the ſame 
Juices are generated by large as by ſmall animals. 

CCX VII Merely by this law, the ſecreted juices may 
be of many different forts: for thoſe whoſe lights or 
tranſverſe ſections are the leaſt will receive only the 
thinneſt juices, as in the ſmall veſſels of the brain; 
and the largeſt ducts will admit water and jelly, while 
the thickeſt fat will enter the biggeſt of all. More- 
over, if a number of ſecretory organs are formed ina 
ſucceſhon from one ſecerning artery, each of them 
having large mouths or ducts; in that caſe, the laſt 
which come out from the ſaid artery will receive ny 
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the thinneſt juices. But if thoſe which are firſt form- 
ed in order from the ſecerning artery, have ſmaller 
duds, then the laſt only will receive the groſſeſt 
juices. It may be objected, that though the veſſels 
in a foetus are vaſtly leſs than in adult, yet the hu- 
mours are the ſame. But thoſe humours which are 
called fat, bile, lymph, and urine in the foetus, are 
vaſtly different from the fat, bile, lymph, and water, 
of a man. | 

C XVIII. From hence only it is that the ſecretions 
are generally made immediately from ſanguineous ar- 
teries without paſling the ſerous lateral ones, (X LV.) 
Theſe all ſeparate groſs juices; thick, coagulable, or 


\ watery; as the fat, urine, juice of the ſtomach and in- 


teſtines, &. But the ſecretions of the other thinner 
juices are made not from ſanguineous, but from 
ſmaller pellucid arteries ariſing from the former; to 
the ſecerning mouths of which, not only no red blood, 
but no ſerum, fat, or other groſs juices, can have ad- 
mittance. Thus the more thin and pure humours muſt 

neceflarily be ſeparated; as for example, in the eye. 
CCXIX. Perhaps the angle, which the ſecretory 
branch intercepts with its trunk, contributes ſome- 
thing to ſecretion. For it is eaſily demonſtrated, that 
at right and retrograde angles, only the viſcid and 
luggiſh juices are expelled by the ſtronger force of 
the particles keeping the middle of the canal ; but 
the liquids which are about to go off at half right 
angles, are thoſe which preſerve their velocity. For, 
in living animals, the velocity of the blood is greateſt 
in veſſels of the acuteſt angles, and leſs in thoſe of 
right angles, as men of veracity have obſerved. That 
the effect of theſe angles in the veſſels is conſiderable, 
with regard to the ſecretion, we are perſuaded from 
the ſtructure of the body itſelf; ſince they form dif- 
terent angles in different parts with reſpect to their 
trunks, and in ſome parts compoſe net-works. For 
the ſmalleſt veſſels, in general, reſemble the branch- 
ings of little trees or ſhrubs, the trunks and arms of 
13 them 
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them every way ſending out branches, but in differ- 


ent angles; ſmall in the large inteſtines, but larger in 


the ſmaller inteſtines. Thus, in the ſpleen, the ſmaller 
red arteries ariſe ſo thick from their trunks, that 
they reſemble a wiſp or ſprinkler; in the inteſtines, 
they reſemble pencil-bruſhes ; ſerpents, in the kidneys; 
ſtars, in the liver; a radiated circle in the uvea; and 
in the teſticle a lock of hair curled up into a button. 
But we very properly preſume, that the Creator ne- 
ver made this diverſity of fabric for no purpoſe. We 
have not as yet, however, any account of thele net. 
works that can be ſufficiently depended upon. Nei- 
ther does there ſeem to be any affinity between the 
fabric of the veſſel and the nature of the liquor which 
it ſecretes: and, indeed, theſe net-works are almoſt 
ſimilar to the veins, as if made rather for ſhortenin 
the paſſage of the blood in ſome meaſure, than for di- 
verſifying the nature of the ſecretion. 

CCXX. The inflexions of the ſmaller veſſels, as well 
arteries as excretory ducts, greatly retard the motion 
of the blood ; in which, therefore, the greater part 
of the force received from the heart is evidently ſpent 
in changing the figure of the veſſels. The repeated 
inflexions, therefore, of the ſecretory arteries increaſe 
the viſcidity of the juice, by delaying the flux, and 
giving the parts more time to cohere or attract each 
other. But a ſtraight courſe of the veſſels increaſes 
the celerity of their fluid, whence a copious and eaſy 
ſecretion; but then it makes the ſecretion more im- 
pure, as we ſee in the urine. | 
__ CCXXI. That the ſmaller arteries have different. de- 
grees of denſity or firmneſs, there is no reaſon to doubt; 
ſince we actually find it ſo by experiments in the larger 
branches. But the denſer the capillary arteries, the 
more they reſiſt the light and flowly moving particles, 
and yield only to the more denſe ones that have 4 


greater impetus. Irritability produces almoſt the ſame, 


effects; tor if the ſecretory {trainer has a very acute 


icenfation, it will reject the groſs humours, and tranſmit . 
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the more fluid ones: inſtead of mucus in the urethra, 
it will ſeparate a-thin yellow ſerum; and almoſt the 
{ame matter, inſtead of the ſebaceous matter that lies 
under the ſkin: the quantity of ſecreted liquor will 
alſo be increaſed ; as for example, in the tears. 

CCXXII. Again, the velocity is greatly increaſed, 
if the heart is near; if the artery is ſtraight, or if it 
is produced with a ſmall angle; alſo, when the excre- 
tory duct ariſes before the extremity of a larger ar- 
terial branch: and it is diminiſhed, when the ſmall 
ſecretory artery runs a long way capillary, whereby 
the blood loſes the greater part of its motion in fric- 
tion. Finally, from whatever cauſe the diverſity may 
ariſe, a greater velocity increaſes the quantity of ſe- 
creted liquor, and produces heavy, more groſs, impure 
liquids z it alſo gives a degree of fluidity to the ſe- 
creted liquors, as it prevents the ſtagnation, by which 
they might contract a viſcoſity : but ſlowneſs increaſes 
the attraction and viſcidity, and renders the ſecreted 
juice more pure; as the ſimilar particles when brought 
together can better attract and join each other under 
a ſlow motion, ſo as to follow the courſe of the larger 
canal, while the thinner parts go off by the leſſer la- 
teral branches. From hence it is, that, only the im- 
pulſe of the heart being too much increaſed, all the 
lecretions are confuſed. 

CCXXIII. Theſe conditions nature is able variouſly 
to join together or ſeparate, and impart to every 
ſtrainer in greater or leſſer degrees; and thus by 
various methods to modify the ſecreted humours. 
Anatomy furniſhes an example, if you compare the 
ſtrainer of the bile or ſemen, which are thick juices, 
with the ſtrainer of the urine and tears, which are 
fluid ones“. „ 

14 CCXXIV. 


The difficulties attending the explication of animal ſecretion, 
no mortal, perhaps, will ever unravel: content we mult be, if obſer- 
vation, in ſo manifold a cone ſion of conjectures, ſhall impart a little 
light to the ſubject. Some phenomena undoubtedly are obſerved, 
which prove, that there is between certain bodies a certain mutual 
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CCXXIV. From all that has been hitherto advan. 


ced, we may now begin to perceive, that ſince the 
blood contains particles of various kinds; ſome 
Nuggiſh ; others mucous ; others coagulable, but 
fluid; ſome denſe and red; ſome watery and thin; 
others fat and groſs (CLXXXVIII. et /eg.): among all 
theſe particles, thoſe which are the largeſt and moſt 
denſe, as the cruor, will go on moſt towards the axis 
of the veſſel, ſo as to paſs on in a continued courſe 
from the artery into the trunk of the ſanguineouz 
vein (XXXIX.) 

CCXXV. Thoſe particles which are groſs and ſlug- 
giſh, as the fat, muſt needs go off laterally by larger 
orifices from the ſanguineous artery, by ſhort ducts; 
for long ducts would make a ſtop to ſuch a fluggih 
Juice as oil. The phenomena of the adipoſe ſecretion 
(XIX.) agree with this deſcription. Such parts as are 
coagulable, but ſpecifically heavier than thoſe which 
are merely watery, kept fluid only while the powers 
of liſe are in action; theſe paſs off laterally from the 
red arteries, into the arteries which are not red, but 
continuous to the red ones, and ſmaller; whether 
theſe pellucid ones are continued on in the nature of 
trunks, ſending oft other ſmaller branches, like the 
leaſt arteries (XLI); or whether they exhale their con. 
tents by a ſhort extremity, like the veſſels of CLXX. 

CCXX VI. Thin watery juices may evidently pals 

0 
relation of uniting, and a power of converting, ſome particles 
whoſe nature is very variable, into their own. The former ſhous 
attraction, the latter aſſimilation, but both as an effect. Hou 
many viſcera and other parts in the body, totally different in na- 
ture, if loſt, are formed and reſtored by the moſt ſimple alimen!! 
Wat a variety of plants in one and the ſame native place grow! 
and thrives with nouriſhment not at all different in quality? Up- 
on conſidering the wonder ful effects of putrefaction, contagions, 
and ulcers, who would doubt, that theſe changes are owing to the 
power of aſſimilation alone? Not, therefore, without great pro- 
bability may we aſſert, that there is in the animal body a certain 
aſſimilating agent, which, in the ſceretory organs, gives the pat. 
ticles procured from the common ſtore-houſe of the blood, the! 
own prover quality, though before of a far different nature. 
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off by any veſſels continuous with the ſanguineous ones, 
or the leſſer ones (XLIV.), provided they be only 
ſmall enough to refuſe the groſſer juices : and this, 
whether they come out trom the ſides of the larger 
arteries; or whether by a long continued courſe, and 
ſending oft all the grofler juices by large lateral bran- 
ches, they, at length. end in a ſmaller pellucid canal 
inſtead of a trunk ; as for exainple, in the eye. To 
the production of theſe juices, the moſt ſimple fabric 
is ſufficient ; even a direct continuation of the ſcretory 
artery itſelf into an excretory duct, as we ſee in the 


. urme. Therefore, the duQts and veſſels have here a 1 
r ſtraight and ſimple courſe, with few or no inflexions; 
; and a proportionable velocity {till holds in the courſe i 
h of their contained Juices. Such juices as, being 
n watery, light, but viſcid at the ſame time, are con- 
e ſequently ſluggiſh and leſs moveable ; theſe may be 
th calily ſecreted by ſhort narrow ducts of a leſs dia- 
rs meter than to admit the fat, and appended to the 
Ie ſanguineous arteries: and, therefore, it is evident, 
ut theſe will be ſeparated from the blood more abun- 
er dantly in ſome parts of the body than others; name- 
of ly, where the velocity received from the heart's im- 
he pulſe is leſs, the flexures of the artery more frequent, 
Ne and where the extent of the capillary artery ſhall be 


carried to a greater length. 


CCXXVII. Whether or no ought we to aſcribe to 
off each particular part, the ferments, pores, ſpecific 
1 weights, or filters filled with their own peculiar hu- 
* mour, and admitting nothing that is analagous to it, 
oF which determine the nature of the humours to be ge- 
a nerated? One who admits of theſe, ought to conſider 
wo the greay difference there is in one and the ſame juice, 
75 ſcparated in the ſame part of the body, according to 
nh the difference of age, courſe of life, &c. The bile in 
the a fœtus is generated ſweet ; the ſemen thin, and with- 
a out vermicles; the milk either none or watery ; the 
ar urine watery, mucous, and inſipid; the uterine mu— 
heir cus very white; the cutaneous veſlels full of red juices; 
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the watery juices reddiſh; and the fat gelatinous. By 
the ſame organs, in an adult perſon, the bile ſeparated 
is ſharp or acrid; the ſemen thick; the milk butyra. 
ceous ; the urine yellow, thin, and alkaleſcent ; the 
womb diſcharges a menſtrual blood, and the aqueous 
humour 1s very clear. But, even in the adult perſon, 
how d fferent is the urine? at one time watery; at 
another, thick or concocted; in a fever, heavier, full 
of ſalts and oils. The paſſions of the mind, which 
make no other change in the body than that of ſtric. 
tures in the nerves, yet wonderfully change the ſe. 
cretions, and expel even the blood and bile through 
the veſſels of ihe ſkin. Add to this, the frequent 
diiturbance of the ſecretions, and the changes to 
which they are liable from flight cauſes; fo that 
only an increaſed celerity ſhall cauſe ſeveral differing 
liquors to be ſecreted by one and the fame organ: for 
blood has been known to paſs into almoſt all the pal- 
fages of the ſecreted juices; into thoſe of the ſweat, 
tears, mucus of the noſtrils and of the womb; and in- 
to the lactiferous, ſeminal, and urinary ducts, as well 
as the fat. A true milk has been ſeen ſeparated by 
glands in the thigh. When the urine has not been 
excreted by its natural courſe through ſome defect of 
the kidneys, ureters, or bladder, it has paſled bY 

the 


72 A preternatural increaſe or hardneſs of the proſtate gland i3 


here meant; which ſo compreſſes the neck of the urethra, 28 to 


prevent the tranſmiſſion of a fingle drop of urine. I ſaw a caſe 
of this kind in a perſon of 70 years of age, who died of a ſup- 
preſſion of urine in the ſpace of ten days. Befides the unuſusl 
expanſion of the bladder, which contained fix pounds of water, 
zul the parts of the body emitted a urinous ſmell, the brain not 
excepted; in whoſe ventricles, as alſo in the pericardium, ſo great 
a fetor was perceptible to the byſtanders, that they compared it to 
that of a chamberpot. Another memorable example of the urine 
determined to other places, when its excretion is impeded, oc. 
curred in the winter of 1778. I diſſcQed a ſubject, who wanted 
molt evidently one kidney, and veſſels, and ureter ; the other was 
of a little ſize, and the bladder ſmall. All who knew her fled 
from her as from a ſerpent ; even her own buſband left her ; be- 
cauſe on account of the intolerable urinous ſtench they could nct 
endure her company. fy 
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the ſkin, exhaled into the ventricles of the brain, or 
yen into the whole cellular fabric. The perſpirable 
matter of SanQorius, however thin, 1s often by cold 
driven to the kidneys; or, by fear, or medicines, de- 
termined to the excretory vilſi of the inteſtines. That 
exhaling viſcid juice is ſecreted by the fame organ 
with the fat, from which it ſo much differs, into the 
celular ſubſtance, is re-. abſorbed, and alternates again 
with the ſame, (XVIII. &c.) A falivation ſupplies the 
place of the Sanctorian or cutaneous exhalation ex- 
ternally, and of the cuticular exhalation internally. 
The bile, reabſorbed, evidently appears flowing in 


the veſſels of the eyes. Nor does there appear any 


thing in the fabric of any of the viſcera or glandules 
that can fix or maintain the nature of the ſecern— 
ed fluid. The ſpecific gravities of the viſcera and 
ſtrainers neither anſwer, according to the authors 
who treat of them, to the ſpecific gravity of the 
humours which they ſecrete; nor are they at all 
known by experiments that can be depended on. 
CCXXVIII. It now remains for us to diſcover, how 
the ſecretions, in a healthy perſon, become pure or 
uniform. For all the juices that have been lately ſe- 
creted (without excepting any, even the oil or fat it- 
lelf) have a great many watery particles intermixed 


ſo that none of the thicker juices ſeem capable of be- 
Ing formed without having a mixture of the thiner 


watery ones: how then do the ſemen, bile, fat, mucus, 
and other thick juices, deprived of their ſuperabundant 
water, acquire their viſcidity and other qualities? 
CCXXIX. For this end, nature has framed glands, 
with large and ſmall follicles or reſervoirs, for retain- 
ing the ſecerned juices, from which the watery parts 
are required to be ſeparated, to render the remaining 
part more ſtrong and viſcid. The mucus, at its firſt 


depoſition, is thin and watery, little diftering from 


the perſpirable vapours or tears; in which ſtate it 
diltils into the cavity of the noſtrils, wind- pipe, and 
2 in- 
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inteſtines. This is not continually diſcharging, be. 
cauſe the excretory orifice is narrow (CX CVI.); and 
the excretory duct being ſometimes long and lender, 
at other times repeatedly bent and winding, or tran. 
mitted through a hard cellular texture, or cloſed b 
ſome force equivalent to a ſphincter, ſo retards the 
juice, that it cannot paſs out without preſſure; or 
perhaps, not without being irritated by the quantity 
or acrimony of the juice, the follicle preſſes out the 
liquor, which incommodes it, by a kind of periſtaltic 
motion. This appears from the morning diſcharge 
of mucus by blowing the noſe, coughing up from the 
lungs, and by ſneezing after the nocturnal ſtagnation, 
In the mean time, the veins, extended into the cavity 
of the follicle, and ſpreading in every direction, abſorh 
the more aqueous parts from the thin mucus, that it 
may become thicker the longer it is retained ; but if, 
by the force of ſome ſtimulus, it be directly diſchar. 
ged after it is ſecreted, it comes out thin and watery, 


F.xamples of this we have in the urethra, in the 
noſtrils, in the car-wax; as alſo in the bile, 


which, at its firſt ſeparation in the liver, 1s watery, 
and has but little yellowneſs or bitterneſs. It is, 
therefore, retained by a large follicle or gall-bladder; 
and there digeſted or exalted by the vital heat, and 
its more thin or watery parts exhaled or abſorbed by 
the veins; whence the remainder becomes more thick, 
bitter, and oily. The ſame mechaniſm takes place in 
regard to the ſemen ; which, being reſerved in the 
feminal veſicle, 1s there thickened, ſo as to be very 
viſcid after long chaltity ; but in repeated venery it i 
expelled very fluid. In ſome places nature has made 
theſe receptacles two or three times folded together 
in one and the ſame organ, when her deſign was to 
form a very thick juice. Thus the ſeminal paſſage i 
in the teſticles reticular; in the end of the epidid)- 
mis, one large canal ending in a larger veſicle : the 
veſſels of the teſticle are narrow, and fo are the vs 
deterens and proſtatic duct. Hence there gh 

where 
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where real glandules, except for ſecreting à viſcid 
liquor. And if a viſcid liquor has been ſeparated 
from the arteries without a follicle, it always ſtagnates 
in a large follicle. The ſemen, bile, liquor of the 
joints and fat, afford examples of this. 

CCXXX. A ſecerned juice may be likewiſe changed 
in its receptacle by the affuſion of ſome new liquor. 
Thus the ſemen thickens by an affuſion of the proſta- 
tic liquor; the chyle is thinned by mixture with the 
faliva and pancreatic juice, and that which diſtils from 
the villi of the ſtomach and inteſtines, and by an affu- 
fon of the bile it becomes alkaleſcent ; and again the 
ſynovia or albumen of the joints is tempered by the 
| two kinds of fat (CXCV.) | 
CCXXXI. Laſtly, whatever is abſorbed, can be of 


0 uſe to the animal according to its nature, after it is 
, taken into the blood; as the ſemen gives a ſurpriſing 

f ſtrength to male animals. For the moſt part, like- 
7 


wiſe, when a humour is long retained, a lixivial a- 
crimony is generated, not without its own uſe, in the 
+ bile and ſemen. | 
g CCXXXII. But the great uſe of the follicles and 
" receptacles of glands is to preſerve the juice, of what- 
4 ever kind it be, for thoſe times, in which it 1s molt 
. neceſſary to be employed in the actions of life. Thus 
e bile is reſerved for the time of digeſtion, the ſe- 
by men for due venery, and the mucus ot the noſe is ac- 
K, cumulated in the night to temperate the irritation of 
n dhe refluent air in the day. | 
hy CCXXXIII. Therefore, as nature has in this way 
. framed machines, by which the juices are retarded in 
dhe large and ſmall follicles ; ſo ſhe has made others to 
ge expel them at ſuch convenient times. To ſome glands 
er he has given particular muſcles for this uſe; as in the 
o eſticles of brutes, the urinary bladder, and the gall- 
bladder: or elſe ſhe has placed other muſcular ma- 
chines round them, which, by acting at convenient 
umes, expel their continued fluids; as, for example, 
in the muſcular coat of the ſtomach and inteſtines. 
In 
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In other parts ſhe has added contiguous and incum. 
bent muſcles to promote the diſcharge, as in the hi, 
venters and mafleters of the lower jaw: or elſe ſhe 
has again joincd to them a nervous irritability, which, 
being excited to action by any ſtimulus, opens the 
ſhut paſſages to the milk, ſeed, tears, &c.; or being 
touched by ſomething acrid, as already mentioned, 
diſtils the liquor more quickly; as happens to the bile, 
liquor of the (ſtomach and inteſtines, and to the ſeba. 
ccous matter, 


CHAS 12+: 
Of ResPIRATION. 


CCAXXIV; HE lungs completely fill the ſack; 

formed by the pleura; (LXXVII, 
LXXVIII.) We give this name to the two viſcerz, 
which are diſtinguiſhed into right and left, having a 
broad baſis below, and terminated above at the firſt 
rib by an obtuſe point or cone. Anteriorly they are 
flat, externally convex, poſteriorly round, and in the 
middle concave to receive the heart. The right lung 
is larger than the left; and more frequently divided into 
three diſtinct lobes; the left lung more rarely. They 
are freely ſuſpended by the great blood - veſſels; unlels 
you call that a ligament, which is made by the ex- 
ternal membrane of the pleura, going to the lungs 
and to the baſis of the diaphragm. Betwixt the lungs 
and pleura is found a watery or rather ſerous vapour, 
of a coagulable nature, like that of the pericardium 
(LXXXII.); which vapour tranſudes from the furface 
of the lungs, continually in the fœtus, and not un- 
frequently in the adult. This is ſometimes increaſed, 
ſo as to form a dropſy, or thickens to a kind of ſeba- 
ceous matter; or laſtly, concreting into fibres, joins 
the lungs to the pleura . 


CCXXXV. The external membrane of the lungs 

15 

73 Many examples occur in ſubjects who have died of inflam- 
matory diſeaſes ; as, after a pleuriſy, the 822 have been 
found covered with a purulent and almoſt ſebaceous membrane . - 
am 
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is fimple, and thinner than the pleura, although con- 
tinuous to It. It is ſpread all over them, from the 
adheſion of the great blood-veſlels of the heart; yet 
ſo as to be capable of retaining wind eaſily, without 
breaking, after being ſeparated from the lungs. The 
ame membrane covers the interſtice or mediaſtinum 
of the lungs, like a bridge. It 1s joined to the lungs 
by a cellular texture. 

CCXXXVI. The ſtructure of the lungs is a heap of 
lobes ſeparated from each other by intermediate in- 
tervals, in which is extended a looſe cellular ſub- 
ſtance. Their firſt diviſion is into two, which are 
larger; and a middle one, which is leſs ; yet cohering, 
ks Wi then they are again ſudivided internally, through a 
l, Long ſeries, into leſſer lobules dowa to the leaſt, till 
a, it laſt the ſmall lobules terminate in very ſmall mem- 
1 WF branous cells; which in adults, are variouſly figured, 
tand full of air, and communicate on all ſides with one 
e another. Theſe veſicles of the lungs, therefore, do 
ic not receive the air by a ſingle ocifice from the wind- 
pipe, as a vial ; but the air, exhaling from the leaſt 
'0 branches of the ſaid wind-artery, is admitted in ſuch 
J manner into their irregular ſpaces, that it freely 
ſpreads through them from any one part of the lungs 
* into all the reſt, and returns again in like manner. 
This is demonſtrated by inflation, which drives the 
85 WF air even through the leaſt branches of the wind- pipe 
Ir, into the ſmalleſt lobes; from whence it readily paſſes 
into all the reſt. Nor, in man and ſmaller animals, 
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cc is the cellular fabric of the intervals (hut up from the 
rf velicles of the lungs, nor are the lobes ſurrounded by 
uy 


any peculiar membrane; for in the largeſt, as be- 

tween the air-veſicles and thoſe cellular ſpaces ſur- 

rounded with lobules, there is no commerce. 
CCXXXVII. 


lame thing may be faid of the kidney in au hepatitis, and of the 
whole alimentary canal in caſes of enteritis I remember two very 
lingular caſes. In a child of tour years, labouring under ſcrophu- 


* p covered the lungs; and in the year 1969, I deſcribed a 
milar covering between the pia and dura meninges. 


lous complaints, winter 1978, a thick membrane, difficultly ſe- 


| 


* 
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CCXXXVII. The air isdriven into theſe veſicles tho 
the wind- pipe, which ariſes from the arynx (hereatter 
to be deſcribed), and from that o y receives its air, 
The firſt part of this wind-pipe is ſingle, and deſcend; 


along the ſmooth bodies of the vertebra of the neck, 


partly fleſhy and partly cartilaginous ; namely, within 
the cellular ſubſtance that ſurrounds the wind- pipe, is 
formed a canal made up by a ſucceſſion of cartilagi. 
nous and muſcular rings. Theſe are thin and elaſtic; 
flatter and thicker in their foremoſt part, but thinner 
in their poſterior extremities, which are conjoined by 
ſtrong tranſverſe muſcular fibres; which adhering firm. 
ly to each extremity of the cartilage, complete the 
ciicle. The owermoſt circles are leſs; the upper. 
moſt often augmented by an appendix; the next again 
perpendicular to the diviſion. 

CCXXX VHI. The fleſhy rings, alternately placed 
with the cartiliginous ones, are made up of red mul- 
cular fibres. Some of theſe are tranſverſe, connecting 
the detached ends of the annular cartilages ; others 
deſcend from each upper to the next lower ring, 
But other muſcular fibres again, deſcending down- 


wards from the cricoide cartilage, and having reach- 


ed below the firſt diviſion of the bronchia, vayiſh 
within the luags. The tranſverſe fibres contract or 


leflen the diameter of the wind-pipe; the longitudinal 
oncs render it ſhorter. Alſo within the lungs, be. 


twixt the imperfect rings, is found a fort of muſcular 
fabric, but leſs unitorm. 

CCXXXIX. In the cellular coat which ſurrounds 
the muſcular one, but eſpecially in the back part of 
it, along the poſterior interval that is betwixt the 
cartilages, are placed numberleſs ſimple glands, which 
open by very ſmall ducts, like pores into the cavity 
af the wind pipe: by wich pores they depoſite a 
watery and pellucid mucus into that cavity; which 
mucus, being without the leaſt acrimony, not coagu- 


lable into a hard ſubſtance like the humour of the eye, 


is of the greateſt uſe in defending theſe molt ſenſible 
I mem · 
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membranes from being injured by an impure air, 

full of particles, which, by their mechanical figure 

or chemical acrimony, might be very troubleſome. 

Laſtly, the internal tube of the wind- pipe is completed 

or lined by a membrane, which is continuous with 

that of the mouth, ſmooth, ſoft, and very irritable. 

The ſame cellular texture ſurrounds it which anſwers 

to the muſcular coat. 
CCXL. The veſſels of all this part of the wind- 

pipe come in the neck from thoſe of the lower thy 


reoids ; in the thorax, from other ſmall branches of 
| the ſubclavian trunks, the mammaries, and the bron- 
c chials properly fo called. Its nerves are numerous 
fe from the recurrent and intercoſtal ones.. | 
a CCXLI. In the upper part of the thorax, the winde | 


pipe is received between the laminæ of the poſterior 


d part of the mediaſtinum; and at the third vertebra, 
- or a little above, is divided into two branches reſem- 
8 bling the trunk itſelf, formed like imperfect car- 
5 tilages, alſo furniſhed with ſimilar glandules; each 
. of which branches enters the lung to which it cor- 
„ reſponds, only the right is ſomething ſhorter and 
4 larger than the left. Having entered the lungs, the 
n cartilaginous rings change into fragments, which be- 
K come more and more difform, gnomonic, angular, 
l triangular, and intermixed with a larger portion 
5 of the membrane, till at length, the cartilage de- 
i creaſing, the laſt branches of the bronchia become 
merely membranous. | 

s CCXLII. Its laſt branches are inviſible, which ex- 
ö hale the air into the cellular ſpaces of adult lungs, and 
x likewiſe receive the watery vapours exhaling from 
1 the arteries into the faid ſpaces; from whence they 
J are thrown out by exſpiration. | 

l CCXLIII. The blood - veſſels of the bronchia are 
the arteriæ & vene bronchiales. The former are al. 


molt conſtantly two; one coming from the upper in- 
Cy tercoſtal of the aorta, which is diſtributed erther to 
the right only, or to both the lungs ; the other, from 
* Vol. I. K the 
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the trunk of the aorta itſelf, going to the left lung. 
Sometimes there are more than two bronchial arteries 
to be ſeen; as, when there are three, by the addition 
of a ſecond from the aorta. But ſometimes again 
there is only one artery in common. The thoracic 
part of the bronchia ſituated without the lungs, has its 
proper veſſels from the aorta, the ſubclavian, mam. 
mary, or intercoſtal. The bronchial veins are moſt 
commonly two ; the right from the vena azygos, the 
left from a peculiar branch of the ſubclavian vein and 
the left ſuperior intercoſtal. Theſe blood veſſels travel 
together with the branches of the wind-pipe ; and 
delcend into their membranes in ſuch a manner, that 
the pulmonary arteries, in their way, inoſculate with 
their contiguous arteries, as the veins likewiſe com- 
municate with each other. There are ſome inſtances 


where the pulmonary vein itſelf has given ſmall bran- 


ches to the lungs, to- the wind- pipe, and to the ſut- 
face of the lungs. 

CCXLIV But there are other larger veſſels be- 
longing to the lungs, called the pulmonary artery (de- 
ſcribed CVI. CVIII.), and the pulmonary vein (CX.) 
The great artery, in che fœtus larger than the aorta, 
and in the adult but little leſs, has two branches; the 


right larger but ſhort, the left narrower and longer. 


In the foetus, the trunk itſelf is continued into the de- 
ſcending aorta, and is known by the name of dud 
arterioſus. In an adult, that trunk degenerates into 
a ſolid ligament. "The four pulmonary veins ac- 
company the arterial branches and the aſpera arteria 
of the windpipe in their courſe through the lungs, 
ſurrounded with a good deal of cellular ſubſtance; 
which ſubſtance, being increaſed, at laſt compoſes 
the lungs themſclves. Within this cellular fabric, 
and likewiſe upon the ultimate ſpaces or cells, the 
air-vellels and blood-veſlels are ſubdivided, ſpread, 
and interwoven like a ner; and here the ſmall ar- 
teries exhale a plentiful vapour into their cells, 
and the veins abſorb a wary vapour from the _ 

| cells. 
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cells. Hence water tinctured, the whey of milk, 
or a thin waxen injection, being urged into the pul- 
monary artery, flows with a froth into the windpipe; 
or, on the contrary, being urged from the windpipe 
into the lungs, they penetrate into the pulmonary 
artery. In like manner, injections paſs from the 
pulmonary vein to the windpipe; or from thence 
again they may be forced into the veins. Laſtly, a 


liquor injected by the arteries, readily enters the pul- 


monary veins z and the reverſe. 

CCXLV. The lymphatic veſſels, as in other parts, 
form a net-work upon the ſurface of the lungs, trom 
whence there are branches conveying the lymph to 
the cavity at the back part of the mediaſtinum, and 
to the ſmall glands which lie behind the cſopha- 
gus, opening at laſt into the thoracic duct. The an- 
terior pulmonary 7+ nerves are ſmall, but the poſterior 

K 2 | ones 


74 I do not comprehend in what poſſible ſenſe the lungs can 
be ſaid to have neither many nor conſiderable nerves: For if I 
conſider the (number and magnitude of the bronchial nerves, I 
would be inclined to ſuppoſe, that the lungs, of all the human vil- 
cera, the organs of ſenſe excepted, receive, upon compariſon, many 


nerves, and therefore poſſeſs ſenſibilty. From many obſervations, . 


I have found, that the primary fountain of the pulmonary nerves 
is the eighth pair, which generates the leſs anterior pulmonary 
plexus, conſiſting for ordinary of three branches; and the greater 
poſterior pulmonary plexus, formed of three or four larger bran- 
ches, and two, three, and even four, leſs filaments : ſeveral} bran- 
ches are added to theſe from the recurrent and cardiac nerves; and 
lometimes ſome filaments on the right ſide from the phrenic nerve, 
which intermix with the anterior plexus. But we ſhall only de- 
ſcribe the elegant fabric of the anterior plexus, being leſs known, 
as we have obſerved it in the right fide in ſeveral ſubjects. A re- 
markable branch deſcends from the eighth pair behind the egreſs 
of the recurrent forewards, between the arteria anony ma, or com- 
mon trunk of the ſubclavian and right carotid. Here a few bran- 
ches being given to the coats of the artery, it ſeparates into two; 
one of which makes the cardiac ; the other reaches the bronchia, 
and with it deſcends to the lungs, and ſends ſome branches more 
outwardly, which runs on with another larger branch from the 
unk of the eighth, and compoſes an elegant ganglion, which 
might 
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ones ſomewhat larger: : they come from a nerve of the 
eighth pair; and there are alſo ſome ſmall nerve; 
to the lungs from the recurrent, and likewiſe from the 
cardiac plexus, which enter together with the large 
blood-veſſels. Hence the lungs have but little ſen. 
ſation; that of the little nerves, however, divided 
after the manner of the bronchia, is very acute. 
are the lungs of an irritable nature, 

CCXLVIL Ihe quantity of blood which enters into/ 
the lungs is exceedingly great, equal to (or even 
perbaps greater than) that which 1s ſent in the ſame 
time throughout the reſt of the body; which, there. 
fore, demonſtrates ſome very conſiderable uſe proper 
to this viſcus. And that this uſe depends manifeſtly 
upon the air, appears from the univerſal} conſent of 
nature, in which we ſcarce find any animal without 
breathing; alſo from the ſtructure of the lungs in the 
foetus, in which, for want of air, they are uleleſ, 
receiving only a ſmall portion of the blood, which the 
pulmonary artery conducts from the heart. We come 
next, therefore, to ſpeak of reſpiration, by which the 
air is drawn into and expelled from the lungs. 

CCXLVII. The element of air appears, from the 
principles of philoſophy, to be an elaſtic and ſono- 
Tous fluid, with a ſpring which cannot be deſtroyed. 
But the atmoſpherical air, which we commonly te- 
ceive into the lungs, is impure, filled with a great 
quantity of watery and other vapours, alfo with falts 
and the univerſal acid, with the ſeeds of plants and 
animals, and other foreign matters; but in very minute 
particles, having a ſpecific gravity 859 times leſs than 
Water, a cubic foot of air weighing between 610 and 
694 grains. This air, which ſurrounds the earth on all 
ſides, being preſſed by the incumbent columns of its 


OWN mals, perpendicularly, laterally, and in all di. 


rections, 


might be called pulmonary, fituated behind the vena 225 gos, at its 


entrance into the cava. From this ganglion come out five or fix þ 


branches, with blood - veſſels and branches of the bronchis, and ate 
41Rributed through the \uogs. 
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rections, enters wherever it meets a leſs reſiſtances 
and with a conſiderable force, as appears from ex- 
periments made with empty or exhauſted veſſels, and 
by the air-pump ; ſo that its preſſure on the human 
body is not leſs than 3000 pounds weight. It is re- 
pelled chiefly by the pores of the membranes, which 


yet arg permeable by water: it likewiſe penetrates oil 


cus with difficulty. 

CCXLVIII. This air is excluded from all parts of 
the human body by the ſurrounding cloſe ikin, which, 
even when dried or tanned, is impervious to the air; 
but more ſo, as under the {kin is placed the fat, 
making an equal refiſtance to the narrow openings 
of the abſorbing veſſels. It, therefore, now remains 
for us to inquire, why the air enters the lungs of an 
adult perſon ; for with this they are in a manner con- 
ſtantly full, and of courſe are equally preſſcd, and re- 
fiſting againſt the weight of the whole atmoſphere: but 
that the lungs always contain air, is evident; becauſe, 
however cloſe you compreſs them, they will be ſtill 
lighter than water; and even in the foetus, after they 
have been inflated but a few times, they always ſwim; 
whereas they fink to the bottom of water, if they 
have not given admittance to the air. 

CCXLIX. The equilibrium of the air's preſſure 
being removed in any place, it conſtantly deſcends or 
flows that way where it is leaſt reſiſted (CCXLVII) 
But air that is denſe and heavy will deſcend more 
eaſily than ſuch as is light, whoſe force ſcarce over- 
comes that of the air which 1s already in the lungs, 
nor is able by the ſame force to overcome thie reſiſt- 
ance of the bronchia, and force by which the lungs 
compreſs the air contained in them. Hence an ani- 


mah lives better in a denſe than in a light air: altho? 


that kind of air is always moſt tolerable, which is pare 
at the ſame time that it is light; ſuch as that of the 
ligheſt mountains of the Alps. Therefore, for the 
air to enter the lungs, they muſt make a leſs reſiſt- 
ance to it than before; namely, the air, which 1s al- 
:eady in the cellular fabric of the lungs, mult be ra- 

| K 3 | riſied: 
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rified: but this effect will follow, if the cavity of the 
thorax, in which the lungs are contained, and which 
they exactly fill, be dilated. Thus the air, which is 
always in the lungs, expands into a larger ſpace; by 
winch, being weakened in its ſpring, it makes a leſs 
reſiſtance to the external air; and conſequently 2 
portion of the ſaid external air deſcends into the 
lungs, ſufficient to reſtore the confined and rarefied 
air, filling the lungs to the ſame denſity with that cf 
the external air, 

CCL. We muſt therefore deſcribe the power; 
which dilate the thorax to produce this effect. The 
breaſt or thorax is a ſort of cage made up of bones, 
muſcles, and cartilages ; being almoſt of the ſhape of 
an oval tub, ſomewhat compreſſed before, but behind 
divided by an eminence, whoſe hoops are the ribs, 
which are of a remarkable ſtrength, In the lateral 
parts of this cage are placed the lungs; in the mid. 
dle and lower part lie the pericardium and heart; 
after which it is taken up by ſome of the abdominal 
viſcera, 

CCLI. The baſis of the thorax is formed by a co- 
lumn, a little crooked and gibbous on the upper and 
back part; and likewiſe, in that part of the baſis 
which is uppermoſt, the ſame is very much behind 
” others, into which twelve vertebrae coaleſce. Ihe) 
"coaleſce, however, by the union of their bodies into 
a ſingle column, which is prominent in the torepar! 
between the two cavities of the breaſt ; divides tlic 
right from the left; and is plane in the forepart, 
and broad towards the fides. A flight ſinuofity re- 
* ceives the ribs in that place where the arch ſeparates 
from the body. They are bound together into one 
column, as well by the elaſtic plate interpoſed between 
every two bodies and coaleſcing with both, as b) 
other ligaments and ſpines lying upon one another, 
and the joining of the ribs, by which means no mo- 
tion can happen among them without the greatel 
difficulty. The ſides of the breaſt are made up o. 
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twelve ribs. Theſe are in general bent in the form 
of an irregular arch, having a great curvature late- 
rally and backwards, but extending in their forepart 
towards a right line. The bony parts of the ribs lie 
ſufficiently parallel with each other; the greateit part 
cf the rib is bony, round, and thick backward, but 
thin and flat forward. The other part forward is com- 


| pleted by a cartilage; which in general continues the 


figure of the rib, growing in a flat broad concavity of a 
nature different from the bony part, and which does 
not change into bone, unleſs in extreme old age. 

CCLII. The poſterior and bony thick part of cach rib 
terminates in a head; along from which, in the body 
of the uppermoſt and two lowermoſt ribs, runs a ca- 
vity or groove, formed in the other ribs, betwixt 
every two adjacent margins, which he one towards 
the other. The vertebrae are tied to the ribs by 
ſtrong ligaments, of which the principal [pread from 
each rib like rays into the next adjacent vertebra, 
other ligaments tie the tranſverſe proceſs to the tu- 
bercle of the rib, and others tie the ribs one to an- 
other and to the tranſverſe proceſſes at the fame time. 
Moreover, betwixt the angle of incurvation and the 
juncture with the vertebra, each of the ten upper ribs 
lend out a protuberance, which being articulated 
with the plain fide of the tranſverſe proceſs of each 
vertebra, are ſo tied by ſhort and ſtrong ligaments to 
that proceſs, that the rib has liberty to make a imall 
alcending and deſcending motion, but with a con- 
ſiderable degree of firmneſs. 

CCLUL. Among theſe anterior cartilages, the ſeven 
uppermoſt reach to the ſternum, and enter into the 
lateral cavities which are incruſted with a cartilage in 
that bone, to which they are alſo made falt by ſhort 
I\gaments, Of the five remaining ribs, the uppermolt 
is faitened to the ſeventh preceding, and that to tlic 
next lower, by a ſtrong cellular texture, by which 
they form a continuous margin, which is at laſt alſo 


!altened to the ſternum. The ſame are connected to 
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one another both by proper ligaments, and cartilagi. 
nous appendices joined with them through the celjy. 
loſity: the two lowermoſt are free, and connected 
only with the muſcles. Theſe inferior cartilages are 
united to one another and to the ſternum by ſtrong 
hgaments. 

CCLIV. The firſt rib is the ſhorteſt, but more 
ſolid than any of the reſt. As they follow in ſucceſ. 
ſion to the ſeventh and eighth, every two and tuo 
ſtretch themſelves into longer and more moveable 
circles. The eighth is the longeſt of all ; and from 
thence, the lower down they are, they grow conti- 
nually ſhorter. 

CCLV. The direction of the upper rib is deſcend. 
ing; but the ſecond rib joins the ſternum almoſt in? 
right angle, while the others aſcend both to the ver. 
tebræ and to the ſternum, but more to the latter. 
But the bony part of the ribs is placed in ſuch a di- 
rection, that the uppermoſt have their ſides in the 
forepart very much declined forward, almoſt tran. 
verſely. In the third ribs it is placed almoſt perpen- 
dicularly ; in the middle ones, it projects a little out- 
ward in the lower part. Beſides, the ſtrength of the 
different ribs is very different. The uppermoſt, being 
ſhort, rather grow into the ſternum than form a joint 
with it; and being tranſverſe, and often as it were 
welded together, they make a very ſtrong reſiſtance. 
From thence the mobility increaſes down wards, ti 
the lowelt rib, adhering only to muſcles, has the 
moſt ealy motion. 

CCLVI. The ſternum in general is a thin ſpungy 
bone, altogether one in adults, but is variouſly divided 
in the foetus. Its upper and broader part reſembles an 
octagon ; and is articulated with the clavicles, which 
are jointed very clofely with the triangular head ot 
the | (Hex and with the firſt rib on each fide. The 


other part which is longer and narrower, grows broad 
downwards, and its fides receive the ribs each inte 
its proper angular cavities, The lower part, W 
| | letlcr 
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jeſſer and ſhorter, imitates the obtuſe figure of a 
tongue. This is continued into a detached appendix, 
partly bony and partly cartilaginous, of a changeable 
figure, which they call the en/iform cartilage; and 


| which is found of various ſhapes, ſometimes bein 


obtuſe like a little tongue, ſometimes pointed like a 
ſword, ſometimes cleft, and ſometimes perforated. 
CCLVII. In order, therefore, to dilate the ſcat of 

the lungs, and thus to put the body in ſuch a ſtate 
that the external air may ruſh into the lungs, it is ne- 
deſſary for the thorax to be elevated. By this means all 
the ſections of the thorax form right angles, and its ca- 
pacity is increaſed, This motion is performed by va- 


| rious muſcles, which either operate conſtantly or only 


at certain times. The intercoſtal muſcles, therefore, 
all of them act perpetually in elevating the ribs. By 
this name we underſtand 22 muſcles; of which 11 are 
external, or next the ſkin; and as many internal, ſe- 


parated from the pleura only by fat or cellular ſub- 


ſtance. The begining of the outer intercoſtals is at the 
poſterior articulation of the ribs (CCLII.); but the 
termination of them is in the anterior bony part of 
each rib, at ſome diſtance from the cartilage, in ſuch 
a manner, that the remaining ſpace betwixt the car- 
tilage and ſternum to the muſcle is filled by a tendi- 
nous expanſion. The direction of theſe muſcles is 
ſuch, that the fibres deſcend obliquely forward, from 
the lower edge of the upper rib to the upper edge of 
the lower rib. And that their action is to elevate the 
ribs, all authors unanimouſly agree ; becauſe they 
thus deſcend from the upper leſs moveable to the 
lower and more eaſily moveable rib, in ſuch a man- 
ner, that their lower point lies more diſtant or re- 
mote from the hypomochlion, or point of motion, 


which is in the coſtal articulation with the vertebræ, 


conſidering the rib as a lever. 
CCLVIII. But the internal :ntercoſtals ariſe at ſome 
diſtance from the vertebræ, almoſt at the outer tu- 


bercles of the ribs beforementioned (CCLII.) From 
thence 


| 


there formed, which {a1 paſles that mobility, ariſing 
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thence they proceed as far as the ſternum, into which 
the uppermoſt of theſe muſcles are inſerted above, 
The direction of theſe is contrary to that of the for. 
mer, except the anterior part of the firſt or upper. 
molt of them; ſo that they deſcend from the lower 
margin of the upper rib backward, to the upper edge 
of the lower rib forwards. Therefore ſome doubt gf 
their action, becauſe their lower part is inſerted int 
that portion of the rib which is nearelt its articulation 
with the vertebræ, and which therefore ſeems to he 
the leaſt moveable: however, they elevate the rib 
no: withitancing this; for the great firmneſo or immo. 
bility of the upper rib, exceeding that of the lower, is 
evident from the articulation, weight, and ligaments 


fron the greater diſtance of the centre of motion. 
This appears from the 614: ction of living animals; in 
which ve ice the inner intercoſtal muſcles operate in 
the elevation of the ribs, and reſt in the depreſſion of 
them alſo from a flexible thread fixed to the rib of 
ſome human ſk leton, and drawn in the ſame direc- 
tion with that of the fibres of the inner intercoſtal 


muſcles; by which means the lower rib will be always WW mi 
approximated towards the upper. The greater firn- WF nm 
neſs allo of the upper ribs proves this, as they ſerre th 
for a fixed point to the lower ones: for the firſt of WF wi 
uppermoſt ribs are from eight to twelve times firmer in 
and leſs moveable than the lower true ribs; but the m 
difterence of diſtance in them from the centre of mo- th 
tion, is ſcarcely the rwenticth part of the length ct of 


their whole lever. Laſtly, the clevating power of the 
internal intercoſtal muſcles appears plainly by expert 
ment in a dead ſubject ; when, by the: thorax being 
raiſed, the muſcles inſtantly ſwell. 

CCLIX. By the action, therefore, of theſe muſcles, 
the thorax is elevated, not altogether as one machine, 
nor would reſpiration be aſſiſted by ſuch a motion; 
but the ribs turning upon their articulations, though 


behind they are but little moved, yet the fore- pore 0; 
the.: 
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their extremities deſcends, and forms a angles 
both with the ſternum and vertebræ; but from 
thence in the middle of their arches, by aſcending, 
cheir lower edges are drawn upward. At the ſame 
nme, the ſternum is thruſt out forward more from the 
vertebræ and from the ribs. Thus the ribs are both 
removed farther from the vertebræ, and the right ribs 
depart from the left; and the diameter on both ſides, 
E betwixt the right and left ribs, betwixt the ſternum 
and the vertebræ, is increaſed almoſt to two lines: 
and therefore this enlargement, following in every 
E imaginable ſection of the thorax, will ſuthciently dilate 
the cavity of the breaſt. This action of the ribs is 
more particularly complete in women, and in men 
* who have no ſhortneſs of breath. Theſe effects are 
produced leaſt of all by the firſt ribs, but more by 
© the following ones. In very ſtrong inſpiration, the 
| ribs deſcend both behind and before; and, along with 
E theſe, the ſternum and the ſpaces between the carti- 
lage are leſſened. But this dilatation alone is not ſuf- 

cient for healthy breathing: nor is it ſo conſpicuous 
or evident in men; although, in them, the intercoſtal 
muſcles, by retaining and elevating the ribs, very 
much afſuſt the inſpiration in a tacit manner, while 
they afford a fixed point to the diaphragm, that the 
whole force of that muſcle may be ſpent, not ſo much 

in depreſſing the ribs, as in urging down the abdo- 
men. Ihe greater part, therefore, of the ſpace which 
the thorax gains in inſpiration, ariſes from the action 
ot the diaphragm. 

CCLX. By the diaphragm we underſtand a muſcle 
expanded in a curvilineal plate; by which, in general, 
the pulmonary bags are ſeparated from the abdomen in 
ſuch a manner, that the middle and tendinous part of 
the ſeptum is nearly the higheſt, and;ſupports the peri- 
| cardium : its lateral parts, which ariſe from the ſolid 
| parts of the thorax and loins, are every where lower; 
but the loweſt of all are thoſe which lie moſt backward. 
the lleſhy portions of this muſcle ariſe before from the 

| inner 
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inner or poſterior face of the enſiform cartilage, and 
from the ſcventh, eighth, ninth, tenth, eleventh, and 
apex of the twelfth, rib; after which follows an interval 
in which the naked pleura lies contiguous to the peri. 
tonæum. From thence the muſcular appendices bf the 
diaphragm, which are much the ſtrongeſt part of it, 
being collected on each fide into two, three, or four 
round muſcular portions, ariſe fleſhy from the tran. 
verſe proceſs on each fide of the firlt vertebra of the 
loins, and from the ſide of the body of the ſecond; 
tendinous from the middle of the body of the ſecond, 
third, and fourth, and with cartilages placed between 
them, always higher up in the left fide, but lower 
down in the right“. 

CULX). All theſe fibres (CCLX.), becoming ten. 
dinous, form the centre of the diaphragm, which re. 
ſembles, | in figure, an obtuſe index of a ſun-dial, ha- 
ving the middle of the larger angle ſupporting the 
pericardium, while the lateral angles or wings Ce- 
ſcend backward, the left being narrower than the 
right. 1his centre of the diaphragm is more move. 
able and at liberty than the reſt; except in the middle 
of 1's tendinous part near the fleſhy margin, where 
the incumbent heart makes a reſiſtance ; but the la- 
teral parts and the fleſhy portions belonging to them 
are the moſt moveable. Ihe fibres of this tendon 
form a molt beautiful web, principally indeed on the 
upper part ; which ſtretches from the fleſhy part of 
each muſcle to the fleſhy part of the oppoſite one: 
thence remarkable nferics taſciculi are ſent off tran- 
verſely to the right and left, and alſo backwards, 
which laſt portion 1s the uppermolt, 

CCLXII. There are two holes in the diaphragm; 
of which that on the right fide of its tendinous part 
ſomewhat ſquare, and circumſcribed by tour ſtrong ten- 

dinous 
We muſt not omit, in talking of the riſe of the diaphragm» 
two tendinous arches on each fide, made over the pſoas and qui 
dratus, from which ſome ſlender muſcular fibres come out, 20 
are interſperſed among the muſcles of the ſeptum tranſverſum, 


produced from the rett of the ribs and part of the lumber vc. 
tebræ. 
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dinous portions; the left, which is elliptical, lies be- 
twixt the right and left fleſhy portions, which ariſe 
from the middle of the bodies of the vertebræ of the 
loins: under this opening they decuſſate and crofs 


each other once or twice, but above they end in the 
E tendon. This left opening is therefore drawn cloſe 
| together in the contraction of the diaphragm, while 


it is probable that the other opening remains im- 
moveable. The tendons are but little changed in the 
motion of the muſcles. 8 

CCLXIII. The ſtructure of the parts, and the diſ- 
ſection of living animals, demonſtrate, that the fleſhy 
portions of the diaphragm, which on all ſides aſcend 


from the firm parts to the middle and more moveable, 


do, by their contraction, depreſs the ſame, and by that 
means draw downward the lateral bags of the thorax, 
which contain the lungs (LXXVII.); and, by this 
means, the perpendicular diameter of the thorax is 
conſiderably increaſed. The fleſhy parts are more 
depreſſed; the tendon leſs, both becauſe it is fixed to 
the pericardium, and becauſe its own ſubſtance does 
not contract. Even the ceſophagus and vena cava are 
contracted, while the diaphragm exerts its action. So 
that the diaphragm almoſt alone performs the office of 
reſpiration in a healthy man who is at reſt; as alſo in 
that thorax whoſe ribs are fractured, or the ſternum 
burlt, or where the perſon will not make uſe of his 
ribs by reaſon of pain. The force of the diaphragm, 
alſo, in dilating the breaſt, is greater, according to 


the calculations that have been made, than all the reſt 


of the powers which contribute to reſpiration. A 
ſtrong inſpiration is as yet confined; becauſe, du- 
ring the greateſt exertion of the diaphragm, the 
lowermoſt ribs are brought inwards, and thus far 
the thorax is ſtraitened. Leſt this ſhould always 
happen, the intercoſtal muſcles interfere in ordinary 
inſpirations; in very great ones they are inferior to 
the diaphragm. The .phrenic nerve, which is more 
ealtly irritated than in moſt other muſcles, forces the 

3 diaphragm 
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diaphragm to perform its office. The lungs then. 
ſelves are altogether paſſive or obedient to the action 
of the air, ribs, and diaphragm; to which they ar; 
preſſed into cloſe contact on all ſides, as through 
large wound; and when the thorax is denudated hy 
the knife, leaving its capacity entire, the lungs appeit 
through the pellucid pleura and diaphragm, 

CCLXIV. But in larger inſpirations, which receive 
a greater quantity of blood driven into the lungs, and 
when there is any obſtacle or difficulty oppoſed to the 
action of the lungs themſelves; in thoſe caſes, ſevera| 
other powers conſpire to elevate the thorax: which 
powers are inſerted either into the thorax, clavicles, 
or ſcapulæ; ſuch as the ſcaleni muſcles, trapezii, cet. 
vicales deſcendentes, ſerrati ſuperiores, and peQora. 
les; together with the ſmall elevators ; of which a 
more ample deſcription may be had from profeſſed 
ſyſtems ot anatomy. 

CCLXV. We have now ſurveyed the powers 
which are able to increaſe the capacity of the thorax 
in all its three dimenſions (CCLXIII. and CCLIX) 
By thele the cavity of the breaſt is dilated, fo that it 
compreſſes the lungs leſs than before: the lungs then 
{ſtrive to diffuſe themſelves over that ſpace, ſeeing 
they are never deſtitute of air, which expands itſelf 
by its elaſticity as ſoon as the preflure is taken off, 
Without that muſcular force the lungs have no proper 
power of their own by which they are capable of at- 
tracting air: and even when they are moſt full of ait, 
by having the aſpera arteria cloſed, the animal vehe- 
mently attempts to inſpire, by the efforts of its inter- 
coſtal muſcles and diaphragm. It therefore remains, 
that the air (CCX LVII.), which is a heavy fluid, and 
preſſcd on all ſides by the incumbent columns of the 
atmoſphere, muſt now enter the thorax with the 
greater force the leſs air the lungs contain; or yet 
more powertully, it they contain no air: but with no 
force at all, if the air admitted through a wound in 


the breaſt preſſes upon the ſurface of the lungs. Fes 
2 this 
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this action, therefore, which is called inſpiration, the 
dronchia are every way increaſed, both in length and 
diameter ; becauſe all the diameters of the thorax 
are increaſed : but in this act, the inflated lungs al- 
ways follow cloſely contiguous to the pleura without 
leaving any intermediate- ſpace. At the ſame time, 
the pulmonary blood-veſſels, which are wrapped up, 
together with the bronchia, in a covering of the 
celular ſubſtance, are likewiſe with them extended 
in length, and ſpread out from ſmaller into larger 
angles; by which means, the circulation through 
them is rendered eafier. While this is performing, 
the veſicular ſubſtance, or fleſh of the lungs them- 


W iclves, filled with air, increaſes thoſe ſpaces through 
& which the capillary blood-veſſels of the lungs ad- 


vance; whereby the veſicular preſſure, upon each 


other, and upon thoſe veſſels adjacent, is leſſen- 
Jed: thus, therefore, the blood will flow with greater 
eaſe and celerity into and through the larger and 
E ſmaller veſſels of the lungs. Hence a dying animal 
is revived by inflating its lungs, and facilitating the 
# paſſage of the blood to the left ventricle of the heart; 


and thus people, ſeemingly dead by being kept a long 
time under water, are again recovered. But as for the 


preſſure of the air upon the blood in the lungs in this 


action, it is fo inconſiderable as not to deſerve our 


notice, as being 300 times leſs than the force of the 


heart; nor can it ever urge the air into the blood, as 
n may be eaſily forced by art with a ſyringe. 


CCLXVI, It is by ſome queſtioned, Whether there 
be not air betwixt the lungs and the thorax? and 
whether this air, being cared in inſpiration, is not 
zlterwards condenſed, ſo as to compreſs the lungs, 
and cauſe exſpiration ? And they again aſk, Whether 
this opinion be not confirmed by the inſtances of 
birds, in which we find this matter to be truly ſo “e? 

| But 

By Camper's very elegant diſcovery, it is certain, that air 
alles into almoſt all the long bones of birds flying much ky, * 
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But we ſce every thing concurs to confute this op 
nion: for, immediately behind the pleura, in living 
quadrupeds, as well as in dead human bodies, the 
lungs are viſible, without any intermediate ſpace 
bewixt them; but the pleura being perforated, 
the lungs are immediately, by the contiguous air 
that enters, preſſed together towards the vertebrz, 
In birds, indeed, the lungs, being pervious to the 
air, admit it into the cavity of the thorax througi 
large holes in their ſubſtance. But in theſe there 
is a manifeſt ſpace betwixt the lungs and the pleu- 
ra. Large wounds, admitting the air only into 
one cavity of the thorax, diminiſh the reſpiration; 
but ſuch wounds as let the air into both cavities, 
quite ſuffocate or ſuppreſs the reſpiration. The tho- 
rax being opened under water, ſends out no bub. 
bles of air through the ſaid water“; but in birds it 
does, becauſe they have air in their thorax. The ima. 
ginable ſpace betwixt the lungs and the thorax is al- 
ways filled up by a watery or ſerous vapour, or elſe 
by the ſame vapour condenſed into a watery lymph, 


It the lungs adhere, they injure the reſpiration but in 


a ſmall degree; which ought entirely to ceaſe, if it 
required an intermediate air betwixt the lungs and 
; thorax 


higher regions, into the cavity of the ſternum, the vertebræ, en- 
nium, interior maxilla, both from the lungs and through the 
Euſtachian tube, and goes from one cavity into another: ſoit 
does no! ſeem improbable, that the ſame may paſs out by the 
ſurface of tic body. But in birds, who ſoar not ſo high, the air 
gains admiſſion through fewer bones. It is a pretty and ſuff- 
ciently agreeable experiment, to perforate the humerus or femur; 
and the air inflated into the aſpera arteria comes out at that foramen 
with the blood, which it has changed into froth; and vice verſa, 
the air inflated through the hole diſtends the lungs. In like mas- 
ner, I have ſeen mercury injected into a foramen of this kiod 
make its appearance in the lungs. : | 

77 Though it is my defign, neither to renew this diſpute, nor to 
ſtart one of my own, it will not be, however, ſuperfluous to men- 
tion an experiment which I have often repeated on dead born io- 
fants: as oft as J have opened under water the thorax of ſuch 
children, not affected with any mark of putridity, I never obſerved 
any bubbles of air appear, 
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thorax. Finally, the external being admitted to any 
of the internal membranes of the human body, de- 
{trovs their texture, if they are not defended by a 
rlentiful mucus; of which we can find none upon the 
ſurface of the pleura. 

CCLX VII. But reſpiration, whether by the admig- 
ture of a ſubputrid vapour, or by ſome other method, 
certainly vitiates the air, and renders it unfit either for 
inllating the lungs or ſupporting flame; and laſtly, it de- 
prives that element of its elaſticity. We may ſuppoſe 
that this happens from putrefaction, ſering the airisren- 
Cered peſtilential by a crowd, and fevers oi the moſt 
malignant kind are thus gencrated in a few hours. 
But in whatever manner this is produced, we are certain 
that the air is vitiated in the lungs; loſes its elaſticity; 
and thus cannot keep the lungs diſtended, fo as to trani- 
mit an increaſed quantity of blood through the dilated 
pulmonary arteries into the veins. Nor can the will 
dilate the breaſt beyond certain bounds, or afliſt that 
pailage of the blood in an unlimited manner. A ſtate 
of body therefore will take place, in which the blood 
cannot paſs through the lungs. 

CCLX VII. Thus is generated a new rchiitance 
to the blood continually coming from the heart: and 
in long retentions of the breath, as in making violent 
cliorts, the venous blood, eſpecially of the head, ſtag- 
nates before the right ventricle of the heart being ſhut, 
becauſe it cannot evacuate itſelf into the lungs; and 
thus ſwells up the face with redneſs, ſometimes burſts 
the veins of the brain, neck, inteſtines, kidneys, and 
laltiy of the lungs, and right auricle of the heart. 
This occaſions prodigious anxiety and uneaſineſs to the 
ſpirits; this alſo is the cauſe of death in compreſſed air, 
in drowned people, and ſuch as are ſtrangled, which 
1s much more ſudden than is commonly imagined. A 
ling perſon therefore, that he may remove thoſe in- 
conveniences which flow from an obitruction of the paſ- 
age of the blood, ſlackens the powers of inſpiration, 

Vol. I. „ and 
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and excites thoſe of exſpiration, which ſree the breaſt 
from an air too greatly rareſied. 

CCLXIS. Theſe powers are, firſt, the elaſticitv g 
the ribs, which being drawn upwards out of their nz. 
tural ſituation, as ſoon as the powers which elevated 
them ceaſe to ad, ſpontaneovily place themſelves, 5 
as to make more acute angles with the ſternum ar! 
vertebrae. To this end concuces likewiſe the ela%; 
force of the bronchia and veſicles diſtended with jr, 
which ſtrive to contract themlelves. Hence exfpirz 
tion is performed more eaſily aud quickly than inſpira. 
tion; and hence it is the laſt action of dying people, 

CCLXX. To this alſo contribute the oblique mul. 
cles of the abdomen, together with the ſtraight and 
tranſverſe ones. The former of theſe are, in one par: 
of them, faſtened to the lower ribs; and, in another 
part, they are attached to the os pubis and ilium, as a 
ſixed point with reſpect to the brieatt, Thercſore tlie 
ſtraight muicles, being contracted, depreſs the arch 
or convexity, into which the abdominal viſcera are 
thruſt by the diaphragm, and bring the ſame nearer 
to a ſtraight line: at the ſame time the abdominal 
viicera are prefled by thoſe muſcies upward aud 
backward againſt the diaphragm, which alone is ab!: 
to give way; and yield up into the thorax, which 
that time is rendered ſhorter. The oblique muſcles, 
for the fame reaſons, compreſs the lateral parts of thc 
abdomen, and urge the liver and ſtomach backwarc”, 
and prels them towards that place where there is tl: 
leaſt reſiſtauce. Laſtly, they draw down the 1 
which were before elevated by the intercoſtals. The 
tranſverſe mutcles, indeed, do not draw the ribs ; bu! 
they pull the cartilages of the falſe ribs a little inwarc, 
and render the whole capacity of the abdomen leb, 
while at the ſame time they preſs: the viſcera agar: 
the diaphragm. Along with theſe we may rect"! 
the powers of the ſternocoſtal and long intercoſial 
muſcles which are called depreſſors. By this joint 
force the ſuperior ribs deſcend; but the middle ons 


more; 
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nore, the uppermol} leis, the loweſt molt of all; and 
the fame are brought inwards by their margin: the 
crifages aſcend, and return into acute angles with 
he fternum; and the ſternum itſelt returns backwards 
with the ribs. By thete means the thorax, contrary 
0 its former ſtate (CCLIX. ), is cvery where rendered 
1r:0wer and ſhorter, fo as to expel as much air out 
er the lungs as is ſufficient to relieve the unealinels 
cauled By its retention (CCLX VIII.) 

CCLNSE In more powerful reipirations, when the 
inſ91: 1745N8 are made greater, the exſpirations are 
orig increaſed by the afliſtance of ſome other 
powers, as of the facrolumbalis, longiſſimus and qua— 
Iritus muſcles of the back and loins. This force, by 
wich the air is blown out ot the Jungs, is ſuſſicient 
to carry a leaden bullet, weighing above a dram, 
to the diſtance of 363 feet; which force is equal 
o a third part of the preſiure of the atmoſphere, 
But, in a healthy perſon, the mulcles of the abdomen 
none ſuffice to an eaſy exfpiration, in which the 
lungs are not ſo much empticd of air as they are by 
1 violent efllation. | 

CCLXXII. The effects of exſpiration are, a com- 
preſſure of the blood, veſſels in the lungs, a reduction 
of the bronchia into more acute angles, a preſſure ot 
te reticujar ſmall veſlels by the weight and contact of 
te adjacent larger veſſels, and an expulſion of the cor- 
rupted blood from the lungs; by which means part ot 
the blood hefitating in the capillary arteres, is urged 
lorward through the veins to the leſt fide of the heart, 
while at the ſame time that part of the blood is re- 
lied, which flows in by the artery from the right 
ventricle. Exſpiration, therefore, will ſtop the ealy 
pallage of the blood through the lungs; and when 
te whole thorax is compreſſed together, repels the 
venous blood into the veins of the head, and fills the 
brain and its ſinuſes. 

CCLX XII, In this manner a freſh neceſſity follows 
for repeating the reſpiration z becauſe the collapſed 

2 veſſels 


"156 "RESPIRATION. Cn. N. 


veſſels of the lungs reſiſt the blood repeatedly expelle 
from the right ventricle of the heart. And this make 
another cauſe of death in thoſe animals which expire 
in veſlels exhauſted of air: for, in ſuch, the lungs la. 
ving the air drawn out from them, appear denſe, fo. 
lid, and heavier than water; whence they are ren. 
d-red impervious to the blood. Ot the fame kind i; 
t1: death of thoſe who are killed by lightning, aud 
pe haps by the noxious vapours of caverns. "Thu, 
t erefore, by the power of a molt wiſe fabricature, 
th: organs of exſpiration are relaxed fo ſoon as that 
uncaſineſs is perceived, which ariſcs from the bin. 
d ance of the biood's courſe through the lungs; and 
hence the powers of inſpiration are excited into ac- 
tion, whereby the motion of tie blood through tle 
lungs is rendered free and quicker. 

CCXXIV. It is by ſome quelitioned, whether or 10 
tiere are not other caules of alternate reſpiration? 


whether or no we may hope tor any diſcovery in this flu 
matter, by con-preiling the vena fine pari, the phre- is. 
nic nerve, or intercepting tlie blood ſent to the brain? in 
But thoſe ate repugnant to comparative anatomy; H dei 
which we always find the fame alternation in the WF co 


breathing of the animal, independent of any ſucl WF we 
nerve or vein. Whether or no reſpiration is iron Wl acc 
the alternate contraction of the antagoniſt mulcics, "4 
among which thoſe of exſpiration relax the others df the 


inſpiration, and the reverſe? But in this manner, a WW ur 
the muſcles of the human body are perpetually wu WM ter 
an alternate motion. the 


_ CCL.XXV. From what has been hitherto ſaid, itap- WI wh 
pears, that reſpiration is unavoidably and abſolutely WW rul 
necellary to life in a healthy adult perſon; becaulc, WW wi 
whether the lungs remain long in a ſtate ether 0: Cal 
expiration or inſpiration (CCLXX1I1.. CCLXXVIIl.), col 
we lee death will be the conſequence. Theretore i By 
animal that has lungs like ourſelves, after it has on an 
Areathed and received the air into the inmoſt parts 0 bo 
tie lungs, and by that means brought a new and to 
large quantity of blood to that viſcus, can ſubſiſt longe! 
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than a ſew” minutes without the uſe and benefit of a 
tree air; but it will either periſh, or at leaſt fall into 
ſuch a ſtate as differs from death only in its being 
recoverable again by certain powers or actions. In 
an animal lately born, this neceſſity for air does not 
take place ſo ſuddenly. | 

CCLXXVI. But the uſe of reſpiration is different 
from this neceſſity; which nature might have avoid- 
ed, either by uſing no lungs at all, or elfe by diſpo- 
ſing them in a manner reſembling thoſe of the foetus. 
This uſe, therefore, of reſpiration muſt be very con- 
fiderable, ſince all animals are either made with 
lungs, or with gills as in fiſh, or elſe with a windpipe 
diſperſed through all parts of the body. | 

CCLXXVII. In order to diſcover this uſefulneſs of 
reſpiration, let us compare the blood of an adult per— 
ſon to that of a fœtus, and alſo with the ſame vital 
fluid in fiih. It appears then in a foetus, that the blood 
is deſtitute of its florid redneſs and ſolid denſity ; and 
in the blood of fiſh, we obſerve there is no heat, the 
denſity inconfiderable, and but little craſſamentum 
contained in it; and, therefore, all theſe properties, 
we are, by the nature of things, perſuaded, the blood 
acquires in the lungs. 

CCLXXVIII. It may be aſked therefore, Whether 
the blood does not acquire its heat principally in the 
jungs? But this does not ariſe from the alternate ex- 
tenſion and contraction, relaxation and compreſſion, of 
the pulmonary veſſels (CCLXV. and CCLXXII.), by 
which the ſolid parts of the blood are perpetually 
rubbed and cloſely compreſſed? The lungs therefore 
will add to the office of the reſt of the arteries, be- 
caule in them the blood is alternately relaxed and 
compreſſed more than in any other part of the body. 
But even when the lungs are obſtructed, ulcerated, 
and almoſt deſtroyed, a morbid heat ſcizes upon the 
body: but in the lungs the cold air very nearly 
touches the blood. ; 

CCLXXIX. The denſity of the blood is, indeed, 
again promoted in the lungs, partly by the copious 
L 3  dilcharge 
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diſ:harge of the watery vapour which is there ſeps. 
rated, by which the reſt of the maſs becomes ſpecih. 
cally heavier. But the ſame effect ſeems to tonllgy 
herc, as in other arterics, namely, from the attrition 
and preff ure which the blood here ſuffers in be! ing 
alternately retarded, accelerated, and figured in it; 
courſe thr rough the modulating tubes of the leaſt vel. 
fels, which give a ſphericity and denſity to the par 
ticles 3 hence it becomes denſer, as having more 0 
th: weigity globules, and leſs of the lighter fluid. 
And, in this reſpect, the pulmonary vein, being ſmalle; 
than its correſponding artery, is of no ſmall uſe to. 
wards increaſing the attraction of coheſion betwir: 
the parts of the globules, fo as to compreſs and hrins 
them cloſer to each other. Nevertheleſs, cold ani. 
mals, which have very ſmall lungs, have denfe and cos- 
gulable blood; as alſo a chicken before it is hatched. 
The blood allo has a ſhort paſſage through the lungs: 
the paſlage through the whole body is longer, and the 
artery weaker; the heart, by which the blood is driven 
forward, is alfo weaker. 

CCLXXX. It is therefore queried by ſome, Whether 
the air itſelf is not received by (be blood in the lungs 
io as to excite neceſſary vibrations therein? Whe: 
ther this does not appear from the reſiſtance of bode 
to the heavy external air; and from the air found in 
the blood-veie Is, 1 in the cellular ſubſtance, and in cer- 
tain cavities of the human body ; alfo from the crack: 
ing obſerved by an extenſion of the joints; to whicl 
add, the air manifeſtly eztravaſated from the wind- 
pipes into the hearts of certain animals, as in the lo- 
cuit ; from air coming out of the blood and humours of 
animals in Mr Boyle” s vacuum; together with a ne. 
ceſſity bf a vital oſcillation in the dlood itſelf; and, 
laſtly, the increaſed redueſs of the pulmonary blood? 

CCLXXXI, But that no elaſtic air is here received 
into the blood, is demonſtrated from the impoſhbulity 
of forcing air into blood, it it retains its elaitictty; 


from the iautility of its reception, if the ſpring 3 7 
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hould be loſt in the blood; from the perfect immu— 
tability of the blood, by cold ; from the minuteneſs of 
the inhaling veſſels, with the mucus that perpetually 
lines the ſides of the veſicies in the lungs: to which 
add the nature of the elaſtic air itfelf, which is 
very unapt to paſs through capillary veſſels; with a 
repulſion of it by water, that hinders it from paſſing 
through paper, linen cloth, or {kins that are wetted by 
water. Again, the air being driven into the wind- 
pipe, never paſſes to the heart; or whenever it does, 
it is forced thither by ſome great or unnatural vio- 
lence : but the permanent air in the veſlels and hu 
mours of the human body, from a ſtate of inelaſticity, 
may become elaſlic by putrefaction, froſt, or an ex- 
ternal vacuum. But-ſuch permanent unelallic air is 
incorporated with all liquors; and taken into our bo- 
dies. with the aliments and with abſorbed vapours, 
mixing ſlowly and with ſome diſſiculty. But there 
never were any elaſtic bubbles of air-obſerved in the 
blood of a living animal; and ſuch air being inllated 
into the blood-veſlels of any living animal, kills it cer- 
tainly and ſpeedily, Nor is there any great certainty 
of the blood in the pulmonary veins being of a brighter 
red colour. Laſtly, though air indeed is ablorbed by 
molt of our humoyrs, yet that abſorption 13 performed 
lowly, and takes up the ſpace of ſeveral days after the 
former air has been exhauſted by the pump. It then 
ikewiſe lays aſide its claſtic nature; nor is there any 
reaſon produced, why the air ſhould either be more 
Ipeedily abſorbed by the blood, or why it ſhould re- 
tain its Elalticity alter it is ſo abſorbed”, | 
L 4 CCLXXXII. 
In thefe our times, it is now too much a matter of diſpute, 
as if it were a ſubje& entirely new, I mean the diſſerent kinds of 
ar; to wit, fixed, inflammable; narcotic, nitrous, &c. which were 
partly known to Helmont, Newton, Boyle, Camerarius, Hales, 
and ſeveral others; but the pneumatic theories in general have 
been remarkably elucidated, increaſed, and limited, as occaſion, 
required, by the lavdable induſtry of Drs Broyorigg, Black, 
Cavendiſh, Pricftley, Spielman, Erxleben, &c. If, in a tew words, 


I might offer my opinion about the air found in our bodies, 


which has been the baſis of ſo many diſputes, I am perſaaded, 
that 
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CCLXXXII. Whether or not is the blood cooled in 
the lungs; and whether or not does this ſcem to he 
true from the death of animals, in air which is hot to 
ſuch a degree as equals the heat of the hotteſt breeze; 
in the moſt ſultry dog-days? Whether the pulmo. 
nary veins are not, therefore, leſs than the arteries; 
and whether the defire of cold in people that are 
working hard does not ariſe from thence ?* That 
the blood is cooled in the lungs is thus far true, 
as it varms the contiguous air, and therefore loſe; 
ſomething Of its own heat. But that this was not the 
principal deſign of nature, is evident; fince no one 
Will lay that the venous blood 1s hotter than the arte. 
rial, although los pronounce the former to be 

ſomewhat cooler; hut nobody ever obſerved the leſt 
ventricle of the heart cooler than the right. But 
the venous blood enters the lungs; it it be ther: 
cold, it will follow, that the arteries muſt receive 
it in ſtill a colder ſtate, But then here the degrees 
of heat which the blood communicated to the air 
are again recovered by it. And, indeed, a perſon 
may live in an wr much hotter than the blood itſelf; 
of which we have a familiar example in baths and the 
warm countries. Ihe pulmonary artery in a fœtus, 
which does not refpire, is greater; and the larger area 
of the right auricle and ventricle of the heart, is like. 


that the atmoſjheric air is a very compound fluid, conhiling 
of parts of a very different nature and qualiiy z which paith 
when mixed with any primpgeneous fluid 2s a vebicle, make the 
common air we inhale in _infpir»tivn. This primigeneors ful 
is, perhaps, that air which we obſerve in animals, vegetables, and 
Ukewiſe ia the earth itfeif, differing oaly according to the various 
ſabſtances with which it is un ted. If there is mixed in a due pro- 
portion with this univerſal fluid, avy elaſtic, ethercal, electtie priv- 
ciple, or any particles nut yet fully underſtood, perhaps there wil 
relult ſalubrious atmoſpheric air. But it will become infected ans 
noxious in various degrees, from an admixture of putrefactive ſud- 
ances, narcotic or iuflammable fuilucating clements, For th# 
reaſon it ſeems to me very proper, that our judgment about the 
ſalutary or noxious quality of the air ſhould be directed by the!t 
principles; and hence it will be in our power to correct on whole- 
ſome air, provi led we kaow what qualities the air ſhould polls 
which is molt properly ſuited to the furR'on of reſpiration. 
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wiſe much greater in a fœtus; which ſeems neceſ- 
ary to reſerve and retard the blood, as the pulmonary 
vein being narrower accelerates it. | 
CCLXXXIII. Whether or not is the redneſs of the 
blood produced from the air? This is contradicted by 
what we ſee in cold animals, which, though they are 
almoſt entirely deprived of the ulc of air, have blood 
equally red with that of warm animals; from the cer- 
tain connection of redneſs in the blood of frogs with 
their having plenty of food, and a paleneſs of it with 
1 want of food; and from the air, as we have juſt now 
ſaid, being denied acceſs to the blood. Nevertheleſs, 
redneſs 18 produced when the air has acceſs to the 
blood, by which means it is alſo reſtored after it has 
been loſt; and, on the other hand, it is deſtroyed by 
the denial of the acceſs of air. Whether or not may 
not a more ſubtle element from the air penetrate 
the blood, and be the cauſe of its colour, as light is 
required for the colours of plants ? - 
CCLXXXV. Whether the ule of the lungs is to 
abſorb a nitre from the airſto the blood? or whether 
the florid colour, obſervable in the ſurface of a cake 
of blood, be owing to the ſame cauſe, while the bot- 
tom part looks of a dark and blackiſh colour? and 
whether or not this is a prſervative againſt the putre- 
lattion of the animal? remain as queſtions with ſome, 
That there is a kind of volatile acid in the air is cer- 
tain, ſince that meeting with a ſuitable earth forms 
nitre; for a nitrous earth, being exhauſted ol its ſalt, 
and expoſed again to the air, hecomes re-impregnated 
with more nitre. But the ſame univerſal acid, we 
know by certain experiments, meeting with a differ- 
ent fort of earth, forms a vitriolic ſalt, or alum, or elſe 
lea-falt, For the caput mortuum of ſfea-ſalt, which 
remains after the diſtillation of the ſpirit, recovers ſo 
much ſtrength from the air, as enables it to yield 
more ſpirit by diſtillation; even in ſnow there is a 
cubical ſalt: but maccaſite perſpires a true vitriol; 
and colcothar recovers again the acid ſpirit, which 
; 6.7 Wa 
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was drawn from it; alfo fixed alkali, expoſed to the 
air, turns into a vitriolated tartar. This, therefore, 
cannot be the uſe of reſpiration, becauſe thoſe ſalt 
abound in too {mail a quantity in the air for ſuc} 
uſes; and air is fitteſt for breathing when. pure in 
high mountains, where thoſe ſalts are the leaſt to be 
found; nor is there any nitrous ſalt as yet known to 
be found in our blood, 

CCLXXXVI. If it be aſked, Why tortoiſes, frogs, 
lizards, ſnails, ear-wigs, and other inſects, live long 
without air? we anſwer, That in them the lungs ate 
given not ſo much for the preparation of the blood, 
which they receive but in a very ſmall quantity, a; 
for the uſe of ſwimming in the water: and from 
hence it is that their lungs are immediately joined 
with the vena cava and aorta, But inſects, we know, 
draw the air in, and exhale it again, through points in 
the ſbin. If it be aſked, Why all animals periſh in air 
tizat is conſined or not renewed, although the animal 
be ſmall, ſuch as little birds? we anſwer, Becauſe the 
air, which has once entered the lungs, and been 
fouled by watery vapours, is rendered leſs elaſtic, 
and unſit for reſpiration, by alkaline vapours: net 
becauſe it becomes lighter ; for the mercury falls bu! 
little in air which has not been renewed, and which 
has killed an animal. Hence it is that the animal 
ſurvives longer in air that is more comprefled than 
that of the atmoſphere: tor in that caſe there 1s 2 
greater proportion ot the elaſtic element, which takes 
ud a longer time to corrupt. But, even in other calrs, 
conſined air is rendered deſtru&i ve only by flag: 
nation, and filling it with vapours. But the realon 
why animals [weft in an exhauſted veſſel, is, from 
the extrication and cxpanſion of the unclaſtic al 
lodged in the blood and other juices. 

CCLXXXVII. There 1s a certain conſent or pio- 
portion between the pulſe and reſpiration; ſo that, 
according to the common courle of nature, there are 


three or four pulies counted to one reſpiration. Hut 
| i 
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if more blood 1s ſent to the heart in a given time, the 
numbers both of the pulſe and reſpiration are in- 
creaſed. This is the reaſon of the panting or ſhort 
breathing in a perſon that exerciſes his body with 
any conſiderable motion; whereby the venous blood 
is returned faſter to the heart (CXILII.) But if the 
blood meets with a greater reſiſtance in the lungs, ſo 
that it cannot paſs freely from the right into the left 
rentricle of the heart; then reſpiration is increaſed, 
both in number and magnitude, in order to forward 
its courſe: and this is the cauſe of ſighing, yawning, 
and wheezing; of which the firſt is a deep inſpira- 


tion; the ſecond ſlow, and very great; and the third, 


2 frequent and imperfect one. The number of re- 
ſpirations, however, docs not always increaſe with 
the pulſe ; of which we have an example in thoſe 
fevers where the lungs are not affected. 

CCLXXXVIII. The mucus, which lines the ſen- 
ſible membranes of the air- veſſels in the lungs, may 
become troubleſome both by its quantity and acri- 
mony; it has been known to cauſe even ſuffacation 
in a dropſy of the lungs. Therefore its quantity, ad- 
heſion, or acrimony, excites a cough ; namely, an ir- 
ritation of the reſpirative ſyſtem, by alternate large 
inſpirations, ſucceeded by large and quick exſpirations, 
together with ſudden ſhocks of the abdominal mul- 
cles; by which the mucus, and ſometimes calculous 
matters, are expelled from the lungs. 

CCLXXXIX. Laughter differs from coughing in 
its cauſe, which reſides commonly in the mind, or 
at leaſt conſiſts in a certain titillation of ſome of the 
cutaneous nerves; and, moreover, becauſe it is 
made up of imperfect quick exſpirations through the 
contracted glottis, leſt the air ſhould be totally eva- 
cuated from the lungs. Hence laughter, in a mo- 
derate degree, conduces to health; becauſe, in the 
ume of one full inſpiration, many ſhort inſpirations 
and exſpirations happen, and thus the concuſſion is 


greater, Hence its danger of ſtagnating the blood; 


4 <cauſe 
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becauſe the exſpiration is not full or entire, whereky 
the blood is admitted into the pulmonary artery 
without being ſuffered to paſs through it. Weeping 
begins with a great inſpiration, after which follow 
ſhort alternate inſpirations and exſpirations; and the 
fame is finiſhed with a deep exſpiration, that is im- 
mediately joined by a large inſpiration : hence it ha; 
nearly the fame good and bad effects; and, when 
moderate, is conduces to reheve the anguith ariſing 
trom grief. An hickup is a very great, ſonorous, 
and fudden in{piration ”9. Sneezing conſiſts of one 
large or deep inſpiration, which is followed unmed:. 
ately with a powerſul and fudden exſpiration; and the 
acrid matter is blown out by it in ſome quantity from 
the noltriis, 

CCXC. The ſecondary uſes of reſpiration are very 
many. It exhales, as an emunctory, parts redundant, 
or even noxious, from the blood, which would ſuffo. 
cate, if they remained in the air; and the breath vi 
many people, ſhut up in a clots place, impregnates 
the air with a fſuflocating quality. On the other 
hand, it abſorbs from the air a thin vapour, of which 
the uſe is perhaps not ſufficiently known“. It is by 

lit 


79 In hickup, which always produces its effect by reſpiration, 
the œſephagus often ſuffers confiderably; on which account much 
alleviation is to be hoped for, if we ſwallow any thing at different 
times, 

89 Among the uſcs of reſpiration, ſeeing ſevera} of them vr? 
accounted of the fame importance, may be counted the power ct 
reſorption; by which the lungs abſorb by means of their vitle!s, 
from the air inhaled in inſpiration, dot only vapours mixed with 
the air, but mingle with our humours by means of the foramina, 
dues, and proper canals, ſome otber by far nobler parts, cout, 
tuting at the {ame time one of the elements of the air. 

This ſubſtsnce has got no proper name; nor do we know th? 
nature of the part which is principally referred, in the firſt place, 
to the clements of the air, and, next, to our humours and blood, 
The once celebrated fabulum vile was an ingenious denom in? 
tion, ſeeing, as has often happened, many perſons confincd i 
rarrow ſpaces, unleſs free acceſs of air is procured, have run the 


riſc of their life, from their wanting a proper renewal or —_ 
um 
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this force that the abdomen and all its viſcera are 
continually compreſſed ; by virtue of this, the ſtomach, 
intellines, gall-blaQder, receptacle of the chyle, blad- 
der of urine, inteſtinum rectum, and the womb ufelt, 
dcharge their contents; by this action the aliments 
are principally ground or diflolved, and the blood is 

urged 


lum, of air. Put the name of cleric principle, if we confider 
the whole conſent of nature, ſeems more titly adapted to the ſub— 
it, Tor ſince the publication of the famous obſervations made 
by Gilbert, Guerick, Boyle, the Florentine academicians, Hawk(- 
ee, Da Fey, Maſcheubroeck, Watſon, Ludolph, Winckler, Nol- 
et, Franklin, Hartman, Pricliley, and ſeveral others, both about 
the electricity of bodies in general, as well as of the atmoſphere ia 
particular, the whole doctrine, by means of the new machine, the 
.&rometer, from the expriments of Volta, Wilſon, Wilkenius, 
les ſerene highneſs Galitzin, Lightenberg, &c. has received fo 
creat additions, that it might almolt be alfericd, that the electric 
matter of the air is collected in the moſt fimple manner by almolt 
ercry body. From all thoſe experiments we collect, 

1. That there is in the air a fluid which, in different ways, 
we be increaſed in one place, and diminiſhed in another; which, 
wicy colledted ſecundum artem, exhibits electric ſparks; but, 
when collcAcd in the clouds, breaks forth in lightning and 
thunder. 

2. If from its too great congeſtion in any region of the at- 
wolphere or in the clouds, the circumambicut air wants its due 
proportion, our reſpiration is leſs refreſhing, our ſtrength grows 
loud 3 but they are quickly renewed: after a thunder-ftorm, 
tle cquilibrum of the electric matter in the atmoſphere being 
iced, as it. were, by the flaſhes of lightning. 

3. Perhaps, too, we learn a method, and the remedies, by 
wh:ch we may artificially remove this defect; it is worth while at 
icalt to confider of this. 

4. This clectrie matter paſſes into the blood or lymph by in- 
mumncrable pores and foramina, with which the inſide of the 
\arynx, alpera arteria, and bronchia, abound. - Upon the diver- 
liv of theſe holes, both with reſpe& to number, condition, 
auch mucus, with which they may be covered, and to the ſize of 
ive lungs, depends the reaſon why all men cannot inhale and 
»viorb the ſame quantity of electric matter from one aud the 
lame air. 

5. It will not be eaſy for any perſon, in an affair deſtitute of 
iutficient obſervation, to unravel what uſe this ſubſtance ſerves in 
mmel bodies, and what functions depend upon it. Whether is 
c tone and irritability of the fibres of the body principally ſup- 
ted by it? Do the increaſe and cauſes of animal heat proongy 

rom 
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urged through the ſluggiſh veſlels of the liver, ſpleen, 
and meſentery. It excites a kind of flux and reflux 
in the blood, ſo that it is alternately prefi-d back to. 
wards the extremities of the veins, and a little after js 
propelied towards the heart by an accelerated vebo. 
city, as into an empty ſpace. Moreover, inſpiration 
ſerves to convey odours along with the air to the organs 
of ſmelling. By this, the air is mixed with the ali. 
ments; which it conduces very much to break and 
diffolve towards a perfect digeſtion, But even ſuck. 
ing, ſo necetary to the new-born infant, is made by 
the ule of reſpiration, and forming a larger ſpace in 
the mouth, in which the air is rarefied; fo that, by 
the greater preſſure of the outward air, the milk i; 
driven into that part, where it is leſs reſiſted. Laſtly, 
the voice felt is owing to the air which we breathe; 
and, as it is one of the principal effects of reſpiration, 
we think it may be proper to give its deſcription here. 


HA FP. X. 
Of the Voller and SPEECH. 
CCXCl. 


E. larynx is the principal organ of the 

voice ; for, that being injured, the 
air paſſes through the windpipe without yielding any 
ſound. By the larynx, we underſtand an aſſemblage 
of cartilages, joined into a hollow machine, which 
reccives the air from the fauces, and tranſmits it into 
the windpipe, having its parts connected together by 
ligaments and mulcular fibres. Among thele ae 
ages 


from it? I think it is clear, we ought hence to ſeek the cauſe of 
animal clectricity; which is very conſpicuous in cats, and likewiſe 
horſes, and many men, bythe numerous ſparks which may be mace 
to appear iſſuing from their bodies. This is perhaps the cauſe of 
the greater danger to which ſome men are liable of being {trucx 
with thunder. The ſpontaneous burning of ſome bodies in ns- 
ture are undoubtedly to be aſcribed to the ſame cauſe; and the 
zlacrity and vipour of ſome temperaments ſurely is wonderfully 
increaſed by the preſence of this fluid. May this ſubſtance be 
joined with the acidum pingue and inflammable principle 
Compare note 78. 
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ages of the larger kind, thoſe called the annular and 


ſeutiform are, in adults, frequently changed into bone. 


The anterior and larger part of this larynx, which hes 
-|mo{t immediately next to the ikin, is compoſed of 
wo cartilages; one called fhyreodes, the other cri- 
rides ; to which lait, the lateral parts of the larynx 
arc ſo joined, that the portions of the cricoide car- 
tiage are always fo much larger as they are higher 
ted, The back part of the larynx 1s firlt made up of 
the ſaid annular cartilage, and then the arytænoides 
connected by muſcles, Ihe epiglottis is looſely con, 
nected above the larynx with the thyreoide cartilage 
in ſuch a manner, that it may be able to riſe up and 
at down. The blood-veſlels of this part are from 
he upper thyrecids ; and the nerves, below, are nu- 
merous from the recurrents; as above, alio, there 
ire nerves coming from the eighth pair variouſly 
noſculating; ſome alſo from the intercoſtal. The 
mer of theſe nerves is remarkably famous for its 
aüng in the thorax, and being afterwards inflected 
round the aorta and right ſubclavian; and for the 
origin which it gives to ſome of the nerves of the 
ieart®', as well as for the experiment by which a 
17ature upon the recurrent is found to deſtroy the 
voice. 

CCXCI. All theſe cartilages are connected by 
rarious muſcles and ligaments, with a certain degree 
6 irmnels, to the adjacent parts; and yet ſo that 
ne whole is eaſily moveable together, as are alſo its 
i.veral parts upon each other. Particularly the ſcutr- 
un cartilage, or the thyroidea anterior, is compoſed 
o! two plates, which are almoſt quadrangular, and 
nclined to each other in an obtuſe angle, which is 
loremoſt. Upon theſe cartilaginous plates are ſome- 

| | times 
2 Principally the great branch, immediately upon reflexion, 
«\cends behind the larynx, goes in particular to the left fide; 
ind having become the cardiac, deſcends towards the heart, lungs, 
*nd their veſſels. I have ſometimes obſerved two recurrent nerves 


hows right fide, which on both ſides gave branches to the œſo- 
£02882, aſpera arteria, and larynx, 
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times found two apertures, one on each fide for the 
blood-veſlels of the larynx; but they are not very often 
to be obſerved. The upper proceſſes of this cartilage, 
terminating without any protuberance, are inclined 
upward and backward, to their connection with the 
horns of the os hyoides, by ſtrong ligaments, ſome. 
times mixed with bone. The lower parts of thel 
cartilages are ſhorter, and adapted almoſt with: 
flat ſurtace to thoſe of the cricoide cartilage; u 
which they are connected with a very firm articulz 
tion, by a ſtrong and ſhort cellular ſubſtance, uniting 
them on each ſide. The middle parts before, being 
periorated with ſtrong ligaments, are connected by 
their infertion to the middle of the annular carti. 
lage; and likewiſe by other ligaments above, de. 
ſcending from the horn of the ſcutiform cartilage into 
the upper part of the annular cartilage. 

CCXCHI. The cricoide cartilage is before thick, 
and ſtrong: it is increaſed backwards, in form of x 
ring uncqually truncated or cut through; and, int 
middle part, is divided into two cavities by a proty- 
berant line. This is firmer than the reſt of the car- 
tilages, and, in a manner, the foundation of them: 
from this there are longitudinal muſcular fibre 
and ligaments, which deſcend into the windpipe 
(CCAXXVIL) the pharynx likewiſe is connected 
to the ſurface of theſe cartilages by many mulculzr 
plates, and receives the larynx as it were into its bag, 
From this a ſhort ligament comes on both ſides to tle 
arytænoide cartilage. 

CCXCIV. lhe two arytznoide cartilages are d 
a very complex figure, ſpontaneouſly dividing into 
two parts. Of theſe the lower is larger; aud 

colt 
The number of cartilages compoſing the larynx, if ve 
ſtick to a more accurate anatomy, ſhould be changed. Five a 
commonly reckoned ; thyroid, cricoid, two arytznoides, 5 


epiglottis: But nine muit be numbered. For any aryt.z2n0ict 


as Haller indeed has remarked, but did not chooſe to abandun 1 
Fe? : 0: 


— 
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connected by a moveable juncture with the protuberant . 
cricoide cartilage, by a baſis moderately hollow; and 
the fame ſends a proceſs forwards, which ſeparates 
the glottis, and ſuſtains the inferior part of the ventricle 
of the larynx. They aſcend upwards, of a triangular 
figure, with the, poſterior angle hollow, the anterior 
convex, divided by three furrows or ſulci, and ex- 
tenuated upwards, till they are at laſt finiſhed or ter- 
minated by a pretty thick, oval, cartilaginous head 
fixed on them. The lower part of thele cartilages is 
connected by numerous muſcular fibres, E tranſ- 
verſe, and Partly oblique; of which the different direc- 
tions are viſible enough, but the ſeparation of them 
impraQticable. Theſe are called arytænoide muſcles. 
In the upper part, the arytænoide cartilage departs 
from its companion of fellow cartilage, leaving a cleft 
perpendicularly betwixt them, which has been (not very 
properly) by ſome called the glottis. 
 CCXCV. The arytænoide cartilage is connected 
with the thyroideal by tranſverſe ligaments, ſufficiently 
ſtrong and elaſtic, but covered with the common mu— 
cous membrane of the latynx, which ligaments are in- 
lerted into the flat angle of the thyroide cartilage 
(CCXCH.) Theſe ligaments may be drawn out or 
Vol. I. M {tretched 


old opinion, has a ſmall new one placed above it, larger in pro- 
portion in the larynx of ſome brutes, as the dog and horſe, which is 
in the ſame manner joined to the arytznoides with the affiltance of 
a capſular ligament by means of a diſtin articulation, as the ary- 
tznoides are connected with the cricoide. BSantorinus has already 
nomed them the fxth and ſeventh. Beſides, I obſerved a few years 
apo, two new cartilages, or bodies ſimilar to cartilages, which L 
thought ſhould be taken into the number of the parts of the larynx. 
Theſe cartilages lie between the epiglottis and arytænoide in any 
lite, but nearer the arytænoides, above the upper ligament of the 
plottis. They form a round maſs, about the thickneſs of a crow 
quill ,and three lines long. They are extremely well ſeen, if, when 
the cricoide cartilage is diſſcQed, the poſterior part of the larynx is 
expanded; for then they are eaſily diſtinguiſhed riſing through the 
internal tunic. TI think they are tolerably expreſſed in an elegant 
table, belonging to the third ſet of demonſtrations, which I got from 
my celebrated friend and anatomiſt M. Camper. 
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ſtretched from each other, by removing the contact q 
their arytænoide cartilages, and may be again conjoined 
by placing the cartilages one to another: and this is the 
true glottis, which is continuous, but at a right angle 
with the above-mentioned cleft (CCX CIV.) . 
_ CCXCVI. From the ſame angle of the thyroide 
cartilage, under a notch, from a firm ligament, and an 
ereQ ſlender ſtalk, is extended an oval cartilage, in its 
forepart convex, behind concave, and raiſed up in ſuch 
a manner, by its elaſticity, as to project conſiderably 
behind the tongue; but is ſo flexible or inclinable donn. 
ward, whenever the root of the tongue is preſſed back. 
ward, that, by its tranſverſe poſition, it ſhuts up all 
paſſage into the larynx, and defends it in ſuch a man- 
ner, that whatever 1s contained betwixt this part, called 
the epiglottis, and the arytænoide cartilages, paſſes over 
downward into the pharynx. The epiglottis is con- 
joined to the tongue by pale membranous fibres, and 
to the os hyoides it is connected by many membra- 
nous expanſions. But as for muſcular fibres from the 
thyreo-arytznoidal and arytænoidal muſcles, it has ei- 
ther none at all, or elſe ſuch as are too minute to have 
any effect upon its elaſticity. | 

CCXCVII. By the ſides of the ligaments of the glottis 
(CCXCV.), there are two other upper and ſofter liga. 
ments, which go out parallel from the arytenoide 
cartilage to the ſcutiform one, which ligaments are 
ſomewhat leſs tendinous and leſs elaſtic. Betwixt thele 
two ligaments, on each ſide (CCX CV.), a peculiar ca- 
vity or ventricle deſcends, having the figure of a com- 
preſſed parabolic ſinus extended downward betwixt the 
double membrane of the larynx, opening - conſtantly 
with an elliptical mouth by the ſide of the glottis in the 
larynx *3, 


CCXCVII. Laſtly, all the internal cavity of the larynx 
i 


85 The ſacks or receptacles found in ſome ſpecies of apes, are bot 
to be confounded with theſe 'ventricles, . which may be more or 
inflated according to the will of the animal. 
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ig lined with the ſame ſoft, ſenſible, or irritable and mu- 
cous membrane, as we before deſcribed in the windpipe 
(CC XXXIX.) But this membrane is watered by a great 
number of ſmall glands. The uppermoſt are mall 
imple glands, aſſembled together in a heap (CCVIII.), 
ſeated on the anterior and convex part of the epiglottis, 
upon the hollow ſurface of which they ſend out various 
openings, large ſinuſes and productions; and others 
are, in like manner, continued there in ſmall hard ker- 


nels. Moreover, upon the hollow anterior ſurface and 


back of the arytænoide cartilages (CCXCIV.), there are 
ſmall glandules placed on each fide of a looſe conglo- 
merate fabric, compoſed of little round kernels, doubt. 
leſs muciferous, having ſome of their looſer parts ex- 
tended on each fide as = as the annular cartilage. In 
the cavity of the ventricles, there are very many mucous 
ſinuſes. Laſtly, all the internal ſurface of the larynx is 
full of large mucous pores. All theſe glandules ſepa- 
rate a thin watery mucus, which yet has a conſiderable 
degree of viſcidity. 


CCXCIX. It may be aſked, If the thyroide glandule 


has a like uſe, and is of the conglomerate kind, but 
ſoft and lobular, with many coverings, conſiderably 
large or broad in its extent, but of a more tender ſub- 
ſtance than the ſalival glands, ſeated upon the thyroide 
cartilage, and in part upon the cricoide cartilage and 
windwipe, along their fore-part, ſo as to encompaſs the 
lateral horns and ſides of the thyroides, joined to its 


companion, which is narrower, by an iſthmus, which is 


emarginated on the lower part, but aſcending upwards 
dy a very thin proceſs before, in its middle part, as far 
as the os hyoides? This gland is full of a ſerous, yel- 
lowiſh, and ſomewhat viſcid humour: but whether it 
emits the ſame into the windpipe or into the ceſophagus, 
is a queſtion; at leaſt there are no ducts certainly 


— 


known to open into either of them. Whether or not 


the juices are altogether retained in this gland, and 
afterwards poured into the veins in a manner reſembling 


the fabric of the thymus, or whether it is of the con- 


M3: globate 
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globate kind, is uncertain. Yet that the uſe of thi 


gland io very conſiderable, may appear from the largenej 
of the arteries which it receives from the carotides and 
lower ſubclavians. the veins thercof return their blood 
into the jugulars and ſubclavians. It has a peculiar 
mulcle, not conſtantly to be found, ariſing from the 
edge of the os hvoides, and ſometimes from the lower 
margin to the left of the thyroide cartilage, which de. 
ſcends without a fellow, ſpreading its tendinous fibre 
over the gland. Upon which alſo the {ternohyoidei 
and ſternothyrodei muſcles are likewiſe ſpread or in- 
cumbent. 

CCC. The whole larynx 1s ſuſpended from the os hy. 
vides by the ligaments proceeding towards the ſuperiar 
horns of the thyroide cartilage, and perfecting that car. 
tilage from the middle of its baſis to the conjunction of 
its plates. The ſame, together with the conjoined oy 
hyoides, is capable of being raiſed conſiderably, at lealt 
half an inch above its mean altitude. This is performed 
by the biventer muſcles, together with the geniohyoidti 
geniogloſſi, ſtylogloſſi, ſtylohyoidei, ſtylopharyngei, thy- 
reopalatini, hyothyroidei; all or ſome of which con- 
ſpire together in that action. In this elevation the glot- 
tis is preſſed together or made narrower, and the liga- 
ments beforementioned (CCX CV.) approach nearer to- 
gether. But thus, by the aſſiſtance of the action of the 
arytznoide muſcles, together with the oblique and tram. 
verſe ones, the glottis may be accurately cloſed, fo 2 
to reſiſt with an incredible force the preſſure of the 
whole atmoſphere. : 

CCC. Ihe ſame larynx may be, in like manner, de. 
preſſed to about halt an inch beneath its ordinary fituz 
tion, by the ſternohyoidei, ſternothyroidei, and com- 
cohyoidei, as they are called; and, when theſe are in 
action, alſo by the joint force of the anterior and poſte. 
rior cricothyroidei. In this motion the arytænoide cat. 
tilages depart from each other, and render the glotts 
wider, which is alſo drawn open laterally by the mul 
cles inſerted into the ſides of the arytænoide cartilages, 
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together with the crico-arytznoidei poſtici and laterales, 
and thyreo-arytænoidei: theſe may allo compreſs the 
ventricles of the larynx (CCXCVII.) on which they are 
incumbent z the particular cartilages which make up the 
larynx can ſcarce be moved ſeparately. 

CCCLI. From the larynx the air comes into the mouth 
and noſtrils. By the mouth, we mean that large and 
irregularly ſhaped cavity between the ſoft and hard pa- 
late, both concave in the middle, and lower down parted 
between the mulcles which lie under, and the lower 
jaw, The noſtrils aſcend forwards above the fott pa- 
late; they are two broad cavities intercepted between 
the ſeptum medium, the ofla cavernoſa, and various 
other bones. They are every where bony and carti- 
laginous. 

CCCIU. The tongue lies in the middle of the mouth; 
and is a broad piece of fleſh caſily changeable into any 
kind of figure, and thus readily moved without delay to 
every part of the mouth; moſt expeditiouſly directed 
into cvery ſituation, and made to affume any ſhape, by 
its own fleſhy fibres, and by the mulcles attached either 
to itſelf or to the os hyoides which is joined to it by 
many fleſhy fibres and membranes. In the tore-part 
theſe come from the geniogloſſi and geniohyoidet mul. 
cles; backwards from the ſtylogloſſi, ſtylohyoidei, cera- 
togloſſi, baſiogloſſi, chondrogloſſi, and biventer ; down- 
wards, from the ſternohyoidei and ceratohyoidei ; up- 
wards, from the ſtylogloſſi, ſtylohyoidei, from the bi- 
renters, and likewiſe. from the mylohyoidei. 

CCCIV. Hitherto we have given the anatomy. It re- 
mains, therefore, that we demonſtrate, what action the 
ar produces, when 2t is driven by the torelaid powers. 
(CCLXIX, CCLXX. ) from the lungs in cxſpiration 
through the windpipe into the larynx, and from them 
urged out through the glottis into the mouth, variquily 
configured. The conſequences or effects of this are, 
voice, ſpeech, and linging. 'The voice, mdced, is only 
formes, when the air. is expelled with ſo great a velo- 
my through the contracted glottis, that it ſplits or 
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makes a colliſion upon the ligaments of the glottis, ſo as tg 
put the larynx into a tremor, which tremor is returned 
and continued or increaſed by the elaſticity of theſe 
parts. Sound, therefore, ariſes from the conjun& 
trembling of the ligaments (CCXCV.) together with 
the cartilages of the larynx at one and the ſame time, 
which we then call the voice, and is of a peculiar kind 
or modulation in every ſingle claſs of animals, depend. 
ing entirely upon the difference of the larynx and gli. 
tis, Bur when a trembling is not excited, the exſpired 
air cauſes a whiſper. 

CCCV. The ſtrength of the voice is proportionable to 
the quantity of air blown out, together with the narroy. 
neſs of the glottis ; and, therefore, a large pair of lungs 
caſily dilatable, with an ample cartilaginous and elaſtic 
larynx and windpipe, and the free echo of the noſtrils, 
Joined with a powerful exſpiration, all conduce to this 
effect. But acute and grave tones of the voice, we ob. 
ſerve to ariſe from various cauſes. The former proceeds 
from a tenſion and narrownels of the glottis, and the 
latter from a relaxation and expanſion of it. For thus, 
in the former, a greater number of aerial undulations are 
ſplit in the ſame time upon the ligaments of the glottis, 
whence the tremors excited at the ſame time are more 
numerous ; but when the glottis 1s dilated, the contrary 
of all this follows. And from the greater tenſion of the 
ligaments, the tremors in hke manner become more 
numerous ftom the ſame ſtroke, Therefore, to pro- 
duce an acute and ſhrill voice, the whole larynx is 
drawn upwards and forwards ; and ſo much the more 
as the voice 1s required to be ſharper, inſomuch that 
the head itſelf is inclined backwards, by which the 
powers of the muſcles elevating the larynx are rendered 
more full and effectual. The truth of this is confirmed 
by experience, by applying the fingers to the larynx 
when it forms an acute ſound; for then, to raiſe the 
voice an octave, you will eaſily perceive it to aſcend 
near half an inch. Alſo the ſame is evident from com- 
parative anatomy, which demonſtrate the narrows 
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glottis and the cloſeſt approximation of cartilages in 
inging birds, but an ample or broad glottis in hoarſe 
animals and ſuch as bellow or bleat. An inſtance of 
this we have in whiſtling, where the voice manifeſtly 
becomes more acute by a contraction or narrowneſs at 
the mouth : alſo in muſical inſtruments, in which a nar- 
rowneſs of the mouth or opening that expels the air, 
with a celerity of the wind blown out, are the cauſes of 
an acute or ſhrill tone. 

CCCVI. Gravity of the voice, on the contrary, fol- 
lows from a depreſſion of the larynx by the cauſes 
(CCCI.) already deſcribed; to which add a broad glottis 
and a very ample larynx. This is evident to the touch 
of the finger applied to the larynx when a perſon ſings, 
by which the deſcent of it is manifeſtly perceived to be 
about an inch for every oQtave: hence the voice of 
males is more grave ; and hence the loweſt degrees of 
the voice degenerate into a muteneſs or whiſpering. _ 

CCCVII. Is the whole difference of tone owing to 
the length of the ligaments of the glottis, which 1s aug- 
mented when the ſcutiform cartilage is drawn forward, 
and the arytznoide ones backward ? ls it according to 
this rule, that the moſt acute tones are produced, which 
ariſe from the ligaments being exceedingly {tretched, 
and thus vibrating with great celerity? This has been 
confirmed by repeated experiments made by eminent 
men; and ſome late anatomſts have obſerved, that, 
when the chords or ligaments of the glottis are tenſe, 
the peculiar voice of every kind of animal is produced 
by blowing air into its larynx: that this voice was more 
acute as the ligaments were more tenſe, and more 
grave as they were flackened; that by ſhutting the 
whole ligament, the voice was ſuppreſſcd; by ſhutting 
the halt, the voice was rendered an octave higher; by 
ſhutting a third part, a fifth higher, &c. There are not 
wanting, however, doubts concerning this new theory, 
ariſing from the cartilaginous and bony ſtructure of the 
glottis of birds, which of conſequence muſt be im- 
moveable, and not extenſible; trom the voice molt cer- 
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tainly becoming more acute, in whiſtling, from the mer; 
contraction of the lips; from the example of women, 
in which the larynx is ſofter, but the voice more acute 
than in men; from experiments which ſhow, that more 
acute ſounds are produced by bringing the ligament 
of the glottis nearer into contact with each other; fram 
the perfect want of machines, by which the ligament; 
can be ſtretched, and which may bring the ſcutifory 
cartilage forward from the annular one. But ſeeing i: 
appears from experiments, that a tenſion of the liga. 
ments ſuffices for producing acute ſounds, without the 
contraction of the glottis, we may believe that the dif. 
ferent tenſion of the glottis contributes more to the d. 
verſity of voice than the different diameter of it. 
CCCVIII. Sigi is when the voice, modulated thro! 
various degrees ot acuteneſs and gravity, is expclled 
through the larynx, while it is trembling and ſuſpended 


betwixt two contrary powers; and herein lies the prin. 


cipal difference betwixt the chanting of ſimple notes, 
and the expreition of words. Hence it appears to be a 
laborious action, by realon of the continual contrac- 
tions of the mulcles, which keep the larynx at an equi. 
Iibrium : and hence it is, that ſinging makes a perlon 
hot; becauſe in acute tones the narrower glottis much 
retards the exſpiration, white at the fame time a preat 
deal of air is required to pite ſtrength to the voice 
(CC.); to which, again, deep inſpirations are ne. 
ceſſary. Hence likewiie the windpipe is rendered very 
dry, from the quicker paſſage or current of air: topre- 
vent which, a great deal of mucus is required; and 
therefore it is that there are ſuch numbers of mucous 
receptacles in the larynx, amongſt which 1 am firmly of 
opinion the ventricles before deſcribed (CCXCVH, 
ought to be numbered, 

CCCIX. Speech is performed by the larynx at reſt, 0: 
held in the ſame place, in tones of voice differing but 
little in acuteneſs and gravity : but then the voice 
variouſly changed or modulated by the organs of ihe 
zacuthl. Singing has a variation in the tone or cle! 
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of the voice, together with a modulation of it by the 
organs of the mouth at the ſame time. 

CCCX. All ſpeech is reducible to the pronounciation 
of letters, which differ in various nations; but moſt of 
them are alike all the world over. Of thelc, ſome are 
called vowels, which are made only by an expreſſion of 
the voice through the mouth, without any application 
of the tongue to certain parts of the mouth. But con- 
ſonants are formed by a colliſion of the tongue againſt 
certain parts of the mouth, lips, and teeth. But to be 
more particular in theſe matters is beyond our purpoſe, 
which does not permit us to expatiate upon the beautiful 
art of pronunciation. That art, as an extraordinary in- 
ſtance of mechanical knowledge, has ſo accurately de- 
termined all the corporeal caules concurring to each 
letter, that, by inſpection only, with the aſſiſtance of 
touch, letters pronounced are underſtood without hear- 
ing them, and the attentive perlon is thereby taught to 
imitate the ſame ſpeech by a like uſe of the organs *4, 

CHAP. 


„Man's faculty of ſpeech, the prettieſt artifice of nature, ſo often 
exactly imitated by art, involves a double contideration ; the philo- 
ſophical, which has given riſe to that academical quettion, particu- 
larly deſcribed in the writings of Maupertuis and Suſlmilch ; and the 
phyſical, or rather phyſiological, which treats of the mechanical 
cauſe of ſpeech from the ſtruczure and fabric of the parts. With 
reſpect to the philoſophical conſideration of ſpeech, I would never- 
theleſs not totally refuſe this faculty to other animals of expreſſing 
themſelves by ſigns, many of which depend upon the voice : it has been 
very elegantly, and even in ſuch a way handled, by the learned Herder 
who gained the prize, Tiedman, Tetens, Zobel, Platner, and others 
perhaps, that a phyfiologilt himſelf reaps a great deal of informa- 
tion from the reading of their works. But upon conlidering the 
faculty of ſpeech without regard to the parts, and comparing man 
with other animals; infants with adults; civilized with uncivilized na- 
tions; man educated by man, with bim brought up amongtt brutes ; 
the learned with the ignorant; the man who hears, with the deaf 
and dumb; it is very probable, that the elegant phenomenon of the 
human ſpeech as well ariſes from the proper fabric of the organs, ag 
depends upon the degree and perfection of knowledge. For there 
is innate in us even 3 infancy a ſtruggle and deſire to expreſs 
the feelings of the mind by ſigns; nay, there is that deſire in all 
auimals; with this difference only, that men, beſides the TT of 
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CHAP. XI. 
Of the BRAIN and Nerves. 
CCCxl. HE remaining actions of the human bod 


we {hall conſider according to the courſe 
of the blood. Ihe coronary arteries we ſpoke of be. 
fore, when we gave the hiſtory of the heart. Next 1 
thoſe, the carotids paſs out from the aorta, 


CCCXI., 


their mind, expreſs the want of things neceſſary to their life and de. 
fence, and the impreſſions which external objects make upon the 
min., by ſigus, voice, and ſpeech ; which faculty, however, bruts 
never acquire. Iufauts ſignify their impatience, unleſs we ſoon under. 
ftand their figns, by mournful crying, I once ſaw an Ethiopian in- 
habitant of Gorea weep ſevercly becauſe nobody would take notice 
that a certain picture was pleaſing to him. The French ſoldiers in 
the late war, notwithſtanding the uſual gentleneſs of that nation, were 
N diſquieted when they found their language not underitoo«, 
ow we fee ſpeech ſuppoſes a concatenation of various circumitan- 
ces; the perception of idea; the neceſſity of expreſſing and hgoity- 
ing it by ſigns; the organs neceſſary for performing it; and the rea- 
fon, cuſtom, improvement, and manner of ufing the inftrument of 
ſpeech in a proper way. Thercfore the primary foundation of 
ſpcech, and of the ſtore of languapes and words, conſiſts ia the co- 
piouſneſs of facts and ideas, and in the extent of knowledge and 
learning. The phyſical ratio of ſpeech, by which we pronounce 
vowels and diphthongs, according to the determined conſtriction and 
opening of the fauces and mouth, and according to the ſpecific 
alliſiou of the air upon the various parts of the mouth, palate, no- 
ſtrils, and teeth, and by the percuſſion of the tongue upon the ſaid 
parts, it is that we form the conſonants in general, as well as thoſe 
paticular to ſome nations; as th of the Enpliſh, /r of the Chinele, 
aur of Malabar, elegantly ſhow ; and that the mechanical application 
of the inſtruments of the voice and ſpeech is preciſely requilite to the 
pure and diftin& pronunciation of this or that ſyllable or word, 
which Wilkins before, and Vogel lately, and de Brofle, bave leart- 
edly demonſtrated. Hence were eaſy, but not lefs learned and 
wonderful, the atempts not only of remedying the various vices of 
the voice, ſuch as Codronch and Pujat have recounted; but what merits 
the greateſt admiration, of teaching perſons born deaf and dumb to 
ſpeak artificially, The celebrated maſters of this famous art, Petris 
Pontius, whether he, or, according to others, Joh. Paul. Bone: us, '8 
reckoned the firſt inventor of this art, Wallis, Holder, Amman, Ra- 
phel, Thumig, Kerger, Arnold, &c. made uſe of a double method 
and principle. For tome, from the fimple imitations of the _ 
changes 
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CCCXII. The aorta, which comes out from the an- 
terior part of the heart (CLVII.), in order to bend itſelf 
towards the vertebra of the thorax, forms there a con- 
ſderable arch, by which it is bent backward, and to- 
wards the left, in an angle that is round, but not very 
large. From the convexity of this arch, three conſidet- 
able branches ariſe. The firſt aſcends towards the right 
ide, and is imm̃ediately ſubdivided into two large ar- 
teries, of which the lowermoſt goes on in the direction 
of its trunk, under the denomination of the ſubclavian. 
The other aſcends according to the courle of the wind- 
pipe to the head, and is called the right carotid. Ihe 
{ft carotid ſprings next from the ſame arch, a little in- 
clined to the left fide; and the third, which is {till more 
inclined to that fide, is called the /eft ſubclavian, which 
is ſomething leſs than the right. About the origina- 
tion of theſe arteries, the next continuous margin of the 
zorta is a little thicker and more protuberant. But va- 
rations from this courſe are rarely oblerved ©, 


CCCXIII; 


changes, when once a word was uttered, and the letter being mark- 
ed, if they heard a proper articulation, they uſed to bring their pu- 
pils to the uſe of ſpeech with incredible patience. But others in a 
more natural way firſt excited the attention of their pupils to objeRs, 
ideas, affections of bodies, and whatever they wiſhed or ought to ex- 
preſs by ſpeech; then the buſineſs being made eaſier, they learn to 
accommodate their voice to the defignation of ſuch things. There are 
examples in infants ſufficiently manifeſt, that they expreſs more 
ealily the name of a thing which they have conceived 1n their mind, 
whether it has been agreeable or diſagreeable ; but you will ſcarcely 
learn the dumb, deaf, and ſtupid, without the greateſt patience and 
trouble, to pronounce a fingle letter according to the firſt method, 
becauſe you ought firſt to correct the dulneſs of their ſenſes and men- 
tal faculties. EI 

© In more than 600 ſubjects, which 1 have inſpected theſe ſeventeen 
years paſt, with reſpe& to the branches coming ont of the arch of 
the aorta, I only obſerved five varieties : the right ſubclavian alone 
deſcending from the aorta, with other three from the arch; the 
right ſubclavian and right carotid apart from the arch, therefore 
four branches; again, four branches from the arch; whiilt the left 
vertebral and left ſubclavian deſcended from the aorta with four 
branches from the arch, to wit, the vertebral and left mammary ; and 
laſtly, between five branches, I obſerved the vertebral and inferior 
{hyroid of the left fide came out of the arch, 
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CCCXIHM. The carotid artery, ſurrounded with a grey 
deal of denſe cellulvfi:y, together with the jugular vein 
and nerve of the eighth pair, commonly aſcends x 
high as the upper part of the thyroide cartilage with. 
out ſending off any branches. There it divides into 
two trunks. The anterior, called the external carotid, 
which is rather larger and more in the direction of its 
trunk, ſends off a branch called the ſuperior thyroide, 
alſo the infſected arteria /rngualis, and then the labial; ; 
and from the poſterior face of the carotid the next ar. 
tery which ariſes is the pharyngea aſcendens, which, 
beſides the pharynx and muſcles of the moveable palate, 
ſends hkewite a conſiderable branch in common with 
the nerve of the eighth pair through the foramen of the 
jugular vein to the dura mater, very near to the great 
toramen of the occiput, at the baſis of the os petroſum, 
and which is divided at the cuneiform proceſs of the 
multiforin bone. 

CCCXIV. Again, from the edge of the external ca. 
rotid, ſprings the occrprtal artery; which ſends branches 
not only to the muſcles which give it a name, but like. 
wiſe lends a branch through a peculiar foramen of the 
dura mater in the angle which the os petroſum forms 
by departing from the mamillary portion, which artery 
is ſpread through the ſeat of the cerebellum ; another 
branch paſlcs over the atlas to the dura mater under or 
into the ſkull; and a third ſometimes goes through the 
foſſa jugularis to the dura mater. I he next artery, which 
is the auricularts, goes to the back part of the ear, to 
the temple, and to the membrane of the tympanum. 

CCCXV. What remains of the external carotid ar- 
tery, aſcends through the parotid gland, to which having 
given ſome branches as well as to the face and eye-lids, 
it ſends out the temporalis, which is confiderable. Ile 
trunk of the carotid, being inclined, conceals iticlt be- 


hind the lower jaw under the denomination of max 


laris interna. 1 
CCCXVI. In that place, it directly ſends off a latge 


trunk, which paſſcs to the dura mater through a pecu- 
ar 
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liar opening“ of the broad and pterygoide wings, ſeat- 
ed at the middle foſſa of the brain; from whence they 
xe largely ſpread through the temples and forehead 
within the dura mater, as far as the falciform ſinus. 
gometimes this artery is double, and often gives out a 
branch that is conſpicuous to the lachrymal gland of the 
ere. In the ſame place, likewiſe, the. maxillary artery 
enters the upper part of the nares by a threefold trunk, 
where it is ſpent after having given off the branches 
called maxillares inferior and /uypertor to the teeth, with 
the intra orbitalis to part of the face and eye-lids, and 
the palatina to the bone of the palate, with ſmall 
branches to the dura mater, and others through the 
ſmaller pores of the great wings, with ſuch as accom- 
pany the third and ſecond branch ot the fifth pair of 
nerves ; and laſtly, together with the dura mater, filling 
up the lower orbital fiſſure. 

CCCX VI. But the other poſterior trunk, commonly 
called the internal carotid (CCCXHL), aſcends without 
a branch. This artery having firſt made a .confiderable 
ſerpentine flexure enters through a peculiar foramen in 
the os petroſum, where it is ſurrounded with a capſule 
from the dura mater, like that which comes out through 
all the openings of the ſkull: irom thence it aſcends 
upwards and inclined forwards, till, having penetrated 
into the cavity of the ſkull, it riſes up inflected and in a 
curvature, according to the direction of the fella equi- 
na”; in the middle of which there 1s a cavernous or 
hollow finus retarding the blood: from thence, having 
given ſmall branches to the fifth pair of nerves, it ſends 
others to the fundibulum and dura mater, with one 
larger to the eye; part whereof returns again through 
a peculiar hole into the dura mater, which lies upon 
the middle of the orbit. This is the rete mirabile of 
dealts, but not of man. 


CCCXVII. 


y Commonly called the ſpinal, tranſmitting the arteria meningea 
media. 


1 In its paſſage through the canal of the os petroſum, it ſende 
© twigs, the number not conſtant, to the inner ear. 
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CCCXVII. But the trunk of this internal carotid pa. 
ſes over the anterior part of the ſella equina; and being 
incurvated backward, and received by the arachnoids 
membrane, giving branches to the pons and crura of the 
brain, with a circle to the choroide plexus, and one that 
accompanies the optic nerve, it then divides into an an. 
terior and poſterior branch. The former, being con. 
joined with its fellow artery of the other fide by z 
jhort inoſculating branch, which ſometimes ſpring; 
trom the trunk itſelf, 1s then incurvated backward and 
upward, according to the direction of the os calloſum, 
and ſpreads itſelf about the middle and hinder part df 
the brain; where it ſometimes ſends branches to the 
falciform proceſs, and from the very origin of the third 
ventricle to the fornix and thalami. The latter, being 
conjoined by a ſmall inoſculating branch with the ver. 
tebral artery, unleſs that ariſes from the undivided trunk 
of the carotid artery, afterwards aſcends a long way up- 
on the fide of the brain through the Sylvian foſſa; and 
the fame ſends branches to the choroide plexus. All 
the branches of the carotid, contained within the ſkull, 
are made up of more thin, ſolid, and brittle membranes, 
than the other arteries of the body. 

CCCXVII. But the vertebral artery, commonly ariſing 
from the ſubclavian of the ſame fide, (though the leſt has 
been ſometimes ſeen to ſpring from the trunk of the 
aorta,) paſſes on without giving branches, through a 
place ot ſecurity, till it enters a foramen in the tranl- 
verſe proceſs of the ſixth vertebra of the neck; after 
which, it continues with alternate flexures to aſcend 
through the oblique proceſſes of the other vertebræ of 
the neck; from whence, at each interval, it ſends of 
ſinaller branches to the muſcles of the neck, and com- 
municates with the lower thyroideal : other branches, 
again, ſomewhat larger, go from it backward, together 
with each of the nerves, to the pia mater of the ſpinal 
medulla; but before, the branches are larger, though 
leſs numerous, to the ſame ſpinal medulla, and commu- 


nicate by an anaſtomoſis with its ſpinal artery * 
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ly. Laſtly, growing leſs about the lecond vertebra, and 
being inflected with a large curvature round the tranſ- 
verſe proceſs of the firſt vertebra, it there ſends off con- 
ſdcrable branches to two of the muſcles of the neck: 
zo ſmall branches it ſends off in its courſe through the 
great foramen of the occiput or ſkull to the dura mater, 
and the adjacent cavities that contain the cerebellum; 
after which it goes on through the ſaid foramen into 
the cavity of the ſkull. There aſcending, according to 
the courſe of the medulla oblongata, the right trunk by 
degrees approaches nearer to the leit, and is conjoined 
together with it (in an extraddinary manner, hardly to 
be kound in other parts) into an artery called the bajt- 
laris, which is ſuſpended in the pia mater all along under 
the pons Varolii. From the vertebral arteries, before 
they are conjoined together, or from the trunk produ- 
ced after the common manner, pals out branches, which 
go ta the lower ſurface of the. cerebellum, and are deep- 
ly inſerted under the fourth ventricle to the inner ſub- 
ſtance of the cerebellum. Iheſe {end off the ſpinal ar- 
teries. But there are ſome inſtances where they ariſe 
conjunctly from a ſingle trunk; or from the trunk in 
one ſide, and a branch in the other. Then the baſila- 
tis, beſides branches to the medulla oblongata and 
crura of the brain, gives the other lower arteries of 
the cerebellum. Amongſt the foreſaid branches alſo 
ariſes an artery, which accompanics the auditory nerve. 
Finally, the baſilaris, at the forepart of the pons, di- 
vides into two branches. One of theſe goes to the up- 
per part of the cerebellum, to the fourth ventricle, to 
the crura of the medulla of the cerebcllum, the nates, 
teſtes, and pincal gland: in place of this, alſo, there are 
two trunks. The other is divided to the loweſt part of 
the brain at its poſterior lobe, the choroide plexus, the 
plexus incumbent on the pineal gland,-that gland itſelf, 
ine thalami, corpora ſtriata, fornix, and whole anterior 

ventricle of the brain. 
CCCXIX. From the foregoing hiſtory of the arteries 
delonging to the brain, it appears, that a very great quan- 
8 2 tity 
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tity of blood is in every pulſation ſent to this organ, in, 
fomuch that it makes above a ſixth part of the wh 
blood that goes throughout the body, and derived fron 
trunks that are very near the heart, ſpringing from the 
convexity of the aorta, From hence it js probable, thy 
the ſtrongeſt parts of the blood go to the head, an 
ſuch as are moſt retentive of motion. Is not this ej. 
dent from the effects of mercurials exerting themſelves a. 
molt in the head only; from the ſudden force and action 
of inebriating ſpirits upon the head; from the ſhort ſtu. 
por which camphor excites '; from the heat, rednelz 
and ſweat, which happen oftener in the face than other 
parts of the body; to which add, the more ealy eryy. 
tion of volatile and contagious puſtules in the face? 
The well guarded paſſage of theſe great and 1mportant 
veſſels in their aſcent to the head, defends them from 
any great injury. The frequent inoſculations of one 
trunk, with the other going to the head, as well as the 
frequent communications of their branches amon 
themſelves, leſſen any danger that might enſue from ob- 
ſtruction. Hence, when the carotids are tied, the ani. 
mal neither dies nor ſeems to be very uneaſy. The 
conſiderable flexures of the vertebral and carotid artery 
ſerve to moderate the impulſe of the blood coming to 
the brain, ſince a great part the velocity, which the 
blood receives from the heart, is ſpent by the various 
inflections. To which add, that ſome authors do not 
improperly obſerve that the . arteries here grow latger 
or ſomewhat wider. 
CCCXX. The hiſtory of the brain deſervedly begins 
from its integuments. Such a tender part, fo neceſlaryto 
life, we obſerve providently ſurrounded on all ſides, fiſt 
by a ſphere of bones, conſiſting of many diſtinct por- 
tions; by which means it is rendered extenſible, at the 
ſame time that it is eſfectually guarded againſt extern 


prel- 


*3 All theſe arguments are not of the ſame force: for merci! 
applied in different ways to the body, produces its effect not ia the 
head alone; fince it occafions in ſome a diaphoreſis, in other! 
diarrhoea, and in others it acts as a diuretic. 
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preſſure. To the internal ſurface of this bony ſphere, on 
all fides, grows a very ſtrong membrane, compoſed of 
wo plates ſufficiently diſtinct, which are firmly attached 
by an infinite number of ſmall veſſels, as by ſo many 
loot {talks to the whole ſurface of the ſaid bones, ſo as 
to be nowhere eaſily ſeparable in a healthy perſon ; 
theſe, being very thin and ſmooth, adhere leſs firmly to 
the bones, but more ſtrongly to the ſutures, ſo called 
from their figure, which join the bones of the ſkull one 
to another. In younger ſubjects, the adheſion of the 
dura mater to the ſkull is ſuch, that the ſeparation of 
it pulls off the fibres of the bones to which it is con- 
nected. In adults, many of the veſſels being effaced, 
renders it more caſfily ſeparable : yet it is not with- 
out ſome force, even in thoſe, that the dura mater 
can be ſeparated from the ſkull From the rupture 
of theſe veſſels, which enter the bones of the ſkull, 
appear thoſe bloody drops which are obſervable after 
removing the cranium. Hence appears the vanity of 
all that has been advanced concerning the motion of 
the dura mater. As to the motion which is remarked 
by the writers of obſervations upon wounds in this part; 
that, being preternatural, was the conſequence of the 
beating of the arterics (in a part where the reſiſtance 
of the bone was now removed, while the reſt of the dura 
mater next to the ſkull ſuſtained the force of the heart 
without motion); or of the brain ſwelling during exſpi- 
ration. Alſo that part, which is properly the dura mater, 
has neither nerves, nor ſenſarion nor irritability “. 
CCCXXI. The outer plate of the dura mater, which 
adheres to the bones of the ſkull, is to them inſtead 
of a perioſteum, and ſupplied with ſmall nerves and 
blood- veſſels coming thruugh all the holes of the 


Kull; from whence, and from its coheſion with the 
VoL. III. N | peri- 


59 That nature has given none, or, what is liker truth, very few 
derves to the dura mcninges, I am convinced from Lobftein's and 
my own obſervations; however, both inflammation and ſurgical phe- 


nomena forbid my denying, that this membrane is totally deſtitute 
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perioſtea of the head, ſpine, and whole body, it ha 
received the name mater. The internal plate of the 
dura' mater is in moſt parts continuous with the for. 
mer: but, in ſome ſubjects, it recedes a little from it, x 
in the great ſphenoidal wings; and at-the ſides of the 
ſella equina, where a good deal of blood is poured he. 
twixt them; and they likewiſe recede thus upon the 
ſella equina itſelf: the ſame plate having left the outer. 
moſt, adhering firmly to the bones of the ſkull, de. 
ſcends doubled together to form the falx, which ariſes 
firſt from behind the proceſſus criſtæ galli of the multi. 
form bone, afterwards from the criſta itſelf, and from 
the whole junctures of the bones of the forehead and 
the parietals; and laſtly, it ariſes from the middle of the 
back part of the occipital bone, and, growing broader 
backwards, is interpoled betwixt the hemiſpheres of the 
brain; the more remote part of it forward hangs over 
the corpus calloſum, and that which is next in the back. 
part is extenuated to an edge in the ſame place. That 
there are ſhining fibres 1n this part, diſperſed towards 
the longitudinal finus from the conjunction of the ten- 
torium, in the ſhape of branches and palm-twigs, 1s cer- 
tain ; but it does not therefore follow that they have 
any muſcular motion; and betwixt theſe fibres frequent. 
ly there is no membrane, only natural foramina are in- 
terpoſed. The falx is both joined to, and continued 
from, the middle tentorium, which is extended laterally, 
In the fame manner, with ſome difference of ſituation, 
the ſaid falx ſends out a ſhort plate downward, whic 
divides the cerebellum, together with the ſtrong tento- 
ria or lateral productions; which ariſing from the crv- 
ciform protuberance of the occiput, are interpoſed tranl: 
verſely betwixt the brain and cerebellum, extended 3 
far as the limits of the os petroſum, and connected to 
the anterior clinoide proceſles, leaving an oval aperture 
for the medulla oblongata to deſcend freely. Thee 
productions of the dura mater ſerve to prevent the parts 
of the brain from preſſing one another, in all ſituations 


and poſtures of the body; and they likewiſe hinder 2 
pa 
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part of the brain flom bruiſing the other, by any ſhock 
or concuſſion. Hence it is, that in the more active 
quadrupeds, where a concuſſion is more likely to hap- 
pen, the brain and cerebellum are divided by a bony 
artition. 

CCC XXII. In the external ſurface of the pia mater, not 
fir from the ſinus of the falx, are placed ſmall glandules, 
ſeated in the reticular textute of the hard membrane, 
partly looking towards the ſinus, to whoſe cavity they 
are oppoſed, in ſuch a manner, that ſome of them are 
contiguous to the hollow of the ſinus; others are ſo 
placed at the inſertion of the larger veins into the pia 
mater, that, together with the former, they make up a 
continued range or ſcries; ſome are alſo obſerved in the 
tentorium of the cerebellum, which are ſometimes ſoft, 
oval, and white, ſometimes red, hard, and in appear. 
ance like wrinkles. But the vapour, which cxhaies 
from the ſurface of the pia mater, 1s not ſeparated by 
theſe glands : for it is every where exhaled, even into 
the ventricles, where there are none of thoſe glandules; 
and it plentifully tranſpires every where from the 
mouths of the leaſt arteries, as we ſee by experience, 
when water or fiſh-glue are injected, which ſweat out 
through every point in the ſurface of the dura mater. 

CCCXXIII. The next covering cf the brain, which is 
more cloſe to it, and preſſes the whole ſurface of the brain, 
as that does the cavity of the {kull, has been denomi- 
nated from its tenuity, arachnoidet, i. e. like a ſpider's 
web. This very thin or tender membrane, being pel- 
lucid like water, every way ſurrounds the brain, whoſe 
Inequalities it climbs over, and according to its cx- 
trerfle thinneſs is pretty ſtrong, and ſurrounds the lar- 
ger vellels in ſuch a manner, that the ſaid veſſels ſeem 
to run between the pia mater and arachnoides 3 which 
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go called glands by Pacchioni ; frequently found in great num- 
bers between the two layers of the dura meningcs, for the molt part 
in the duct of the falciform ſinus; they occupy a broad ſurface : their 
uſes are not yet ſufficiently known ; they belong rather to the con- 
glomerate, than to the conglobate glauds, 
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Jaſt is, therefore, no part or lamella of the pia mater, 
from which it differs by ſituation, and is connected tg 
it by a cellular texture after the manner of the ſpinal 
marrow, although it is reſolved into a cellular nature 
between the hemiſpheres of the brain. 

CCCXXIV. The third or innermoſt covering of the 
brain, which is ſoft and cellular, is properly the pia nn. 
fer”, This immediately inveſts the whole ſurface gf 
the brain and ſpinal marrow on all fides, is tender, and 
made up of a vaſt number of ſmall veſſels which ate 
Joined together by a cellular texture: but theſe veſſel; 
it ſends into the brain in a regular order, like little roots. 
This deſcends betwixt every furrow and fiſſure of the 


brain and cerebellum, and even inſinuates itſelf into the 


ſpinal medulla, and is the bond by which the little pro- 
tuberances of the brain are joined together. This being 
received into the cavities of the brain, changes its fa. 
bric, ſo as to become ſoft and almoſt of a medullary con- 
ſiſtence, more eſpecially when the ſubje& that comes 


under the examination of the knife has lain dead ſome 


conſiderable time, yet then it is eaſy enough to demon- 

ſtrate the veſſels themſelves in its fabric. 
CCCXXV. The weins of the brain are not diſpoſed in 
the ſame manner with thoſe in other parts of the body. 
For neither have they any valves, nor do they run to- 
gether in company with the arteries, nor have their 
trunks the ſtructure which is commonly obſerved in the 
other veins. The veins, therefore, which come out of 
the innermoſt cavities of the brain, thoſe which are 
ſpread upon the ſtriated bodies, the veins of the cho- 
riode plexus, with the lucid ſeptum and the anterior 
ventricles, are collected together into trunks which at 
laſt meet in one great vein, or often two, which, being 
accompanied with many ſmall arteries of the choroide 
plexus, deſcends back ward to the partition of the brat 
and cerebellum. In that place, it receives veins ariſing 
from the poſterior and lower part of the brain, 199 
ome 


9: Deſerving the name of vaſcular membrane, ſince there 1s 00 
membrane found ia the body fo fully ſupplied with veilcls, 
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ſome of the cerebellum, from whence the blood paſſes 
into a ſinus, which is a kind of vein included in a re- 
duplication of the inner plate or membrane of the brain, 
into which the veins, to ſhorten their length, are gene- 
rally inſerted ; and this ſinuous vein generally deſcends 
to the greater ſinus on the left fide, though lometimes 
it ends bifurcated, one branch on each fide. This is 
called the fourth finus. 

CCCXXVI. The upper and ſuperficial veins of the 
brain are large, and ſpread in the windings with which 
the brain on all ſides abounds. With thole veins, thro? 
the whole ſurface of the brain, are inſerted other veins 
of the dura mater; and others, which enter by peculiar 
orifices into the tfalciform ſinus. From thence the veins, 
gradually collected together, paſs along, moſt of them 
forward, ſome few of them in a ſtraight direction, and 
others backwards; of which thoſe forward are the largeſt, 
and open themſelves, their extremities being obliquely 
cut off, into the long falciform ſinus which is formed by 


the right and left plate of the internal membrane of the 


dura mater, which meet together below upon the upper 
part of the back of the falx. From thence it is of a tri- 
angular! figure, convex in its upper ſide, beginning with 
a ſlender origin at the ſeat of the foramen cæcum, that 
placed above the criſta galli; from whence it aſcends 
and follows the courſe of the falx until that joins the 
tentorium : it is generally inclined to the right ſide, and 
takes the name of the right tranſverſe ſinus, which then 
goes by a peculiar channel in the occipital and tempo- 
ral bone, tranſverſely to its incurvation at the opening 
of the jugular vein ; in which place being much enlar. 
ged, it receives the lower ſinus petroſus, together with 
tie occipital ones, which are hereby diſcharged into the 
jugular vein. But the left tranſverſe ſinus reſembles 
the former; and is, like that conveyed in a ſimilar 
courſe to the jugular vein, into which it is rather inſert- 
ed on the right ſide, than continued as it were in a 
rank. Into it the fourth ſinus (CCCXXV.), together 
unh the occipital one, uſually inſert themſelves. But 
N 3 there 
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there are ſome inſtances, where all theſe are difpoſed in 
a different manner, by an inſertion of the longitudind 
into the left tranſverſe ſinus; and then the right tranf. 
verſe ſinus receives the fourth and the occipitab one, At 
other times it is equally divided into, two tranſverſ 
trunks; and ſometimes the middle finus joins the trau. 
verſe ones. The two ſinuſes alſo have been found f. 
milar and parallel to each other. 

CCCXXVII. There is a flender and rounder finus 
which runs along the lower and thicker margin of the 
falx, ſomewhat of an irregular figure, more reſembling 
vein, receiving veins from the falx itlett, and commy- 
nicating likewiſe with the upper ſinus; it alſo r-c-jv;s 
veins from the adjacent hemiſpheres of the brain, and 
from the corpus calloſum. Where the tentorium joins 
with the forepart of the falx, this is commonly there 
inſerted into the fourth finus. : 

CCCXX VII. The lower veins of the brain which lie 
next to the baſis of the ikull, are variouſly inſerted. The 


foremoſt of them coming from the folla ſylviana, cole, 


lected together into ſome trunks, are inferted into the 
cavernous finus, or triangular interval, that lies at the 
fide of the ſclla equina, betwixt the external and inter. 
nal plate of the dura mater. Orher veins, from the 
pons itſelf, lead into the upper finus petroſus. Other 
poſterior veins, which come from the poſterior lobes of 
the brain, are inſerted in great numbers into the tranl- 
verſe ſinus that is ſeated within the tentorium. 

CCCXNXAIR. The upper veins of the cerebellum meet. 
ing together in large trunks, partly open themſelves into 
the fourth ſinus, and in part into the tranſverſe ſinus 
The lower veins from the cerebellum and medulia ob- 
longata, inſert themſelves into the upper finus petro- 
ſus; the later alſo into the tranſverſe proceſs very neat 
the place where it goes out. 

CCCXXX. There are many ſinuſes, beſides thoſe 
before- mentioned. The moſt anterior of them, which 
is commonly /i#e a circle, is larger behind than in is 
fore - part, which is flenderer, and ſurrounds the n 

glau- 
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glandule betwixt the clinoide proceſſes, communicating 


with the cavernous and with the lower petroſe ſinuſes ; 


likewiſe communicating betwixt thoſe proceſſes and the 


carotid artery, and again, by the way of the ſixth pair, 
with the upper petroſe ſinuſes behind the fifth nerve. 
There are ſome inſtances where this ſinus receives the 
ophthalmic vein ; and ſometimes the tranſverſe, joining 
to the cavernous ſinus, ſupplies the place of this circular 
ſinus, or elſe is preſent with it at the ſame time. 
CCCXXXI. The wpper petroſe finus is conveyed back- 
wards in a cavity of the os petroſum, and takes its ori- 
gin from the extremity of the anterior ſulcus of the 
os petroſum, where it communicates with the cavernous 
ſinus, and receives the inſertions of the veins of the dura 
mater, and ſometimes of the anterior veins of the brain 
itſelf, mentioned before (CCCXXVIII.); then it is in- 
ſerted into the angle of the tranſverſe ſinus, where it 
begins to be bent; ſometimes allo it joins the interior 
ſinus of the os petroſum. Another vein, likewiſe de- 
ſcending by the os petroſum, is in like manner inſerted 
into the angle of the tranſverſe ſinus. The /ower finus 
petroſus, which 1s larger, goes round the root of the 
bone of this name, and communicates with its fellow 
behind the clinoide procels; allo twice it communicates 
with the cavernous finus, and with the upper ſinus, 
and is conjoined under the nerve of the fifth pair, 
being finally inſerted into the jugular foſſa or cavity. 
Moreover, it receives ſome veins of the dura mater 
from the baſis of the vertebræ. To the ſame outlet 
allo the occipital ſinus leads on each ſide, which being 
pretty large, goes round the margin of the foramen, 
till arriving at the falx of the cerebellum (CCCXX1.), it 
is ſooner or later inſerted together with its fellow, for 
the moſt part into the fourth ſinus, and with that into 
the left tranſverſe one, or into the longitudinal ſinus it- 
ſelf, or laſtly by a divided extremity into each of the 
tranſverſe ſinuſes. This ſinus receives the lower and 
poſterior veins of the dura mater, and ſome others from 


the vertebræ. 
N 4 CCCXXXII. 
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CCCXXXII The anterior occipital ſinus is irregular ot 
muh iform, partly tranſverſe, and partly deſcending to the 
great foramen, beipg var iouſly conjoined with the lower 
petroſe ſinuſes: from whence it paſſes with the nerves 
of the ninth pair; and either communicates through a 
peculiar foramen, by emiſſaries into the outer vertebral 
vein; or other branches, going downwards, open into 
the venous circles of the {pinal medulla. But the ca. 
v2rncus finus of the dura mater (CCCXXV.), being ſur. 
rounded with a good deal of cellular ſubſtance, receives, 
beſides the toremeritioned finus (CCCXXIX, CCCXXN), 
largg veins already deſcribed; alſo the ophthalmic, and 
principal vein of the dura mater; and tranſmits them 
with peculiar veins, together with the firſt and ſecond 
nerve, and third branch of the fifth pair, with a large 
artery of the dura mater (CCCX VL.) and the internal 
carotid (CCCXVI.): allo it ſends out other emiſſaries 
through a toramen, which is not conſfant in the great 
wing, which form inoſculations with veins placed on the 
outſide of the ſkull leading to the jugulars, and eſpe. 
cially with the largeſt pterygoidal plexus of veins be- 
longing to the noſe. In the ſame manner, the veins of 
the pericranium paſs through ſmall holes 1n the parietal 
bones into the longitudinal ſinus, as the occipital veins 
pals through the maſtoide hole into the tranſverſe ſinus 
through the anterior channel of the occipital bone, and 
the external vertebral veins are inſerted into the jugulat 
ſinus; and others of the anterior occipital veins accom- 
pany the nerve of the ninth pair. Thus there are an 
infinite number of ways open to the blood; by which 
it may paſs tron: tb ſinuſes, wherein it is often collect. 
ed in too great quantity bv various directions, according 
as the part is more lax or has a greater dechvity. 
Hence no violent ſymptoms follow upon tying either 
or bath of the jugulars or other large veins. 

CCCXXXIII. The great quantity of blood which goes 
to the brain, the greater impulſe with which it is ſent into 
the carotid arteries (CCC XIX.), and the ſecurity ot 
this part from every kind of prefſure by a ſtrong bony 
3ence, joined with the ſiowet motion of the blood rene 
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the abdominal viſcera and lower extremities, alſo the per- 

tual exerciſe of the brain and ſenſes, do all determine a 
copious flux of blood to theſe parts, and ſome other cauſes 
ſerve to fill the head ſurpriſingly with blood. Hence it is 
that a redneſs of the face, a turgeſcence and ſparkling 
of the eyes, with a pain and pulſation or throbbing of 
the arteries in the head, are ſo frequently followed with 
z bleeding at the noſe, by violent exerciſes or motions 
of the body. From hence, therefore, it is evident, 
that if the veins were of a thin and round ſtructure in 
the brain, they would be unavoidably in greater danger 
of breaking, and conſequently apoplexies (to which, in 
their preſent ſtate, they are often liable) would be much 
more frequent. To avoid this, therefore, nature has 
given a different figure to the veins which carry out the 
blood from the brain, by which they are more eaſily 
and largely dilatable, becauſe they make an unequal re- 
ſiſtance: their texture is likewiſe very firm, and more 
dificultly broken, eſpecially in the larger ſinuſes, which 
perform the office of trunks; for as to the ſinuſes of 
the lefler ſort, they are either round, half cylindrical, 
or of an irregular figure. Beſides this, nature has 
guarded the ſinuſes by croſs-beams, internally made of 
ſtrong membranes, and detached from the right to the 
left fide within the ſinus, which in greater diſtenſions 
they draw towards a more acute angle, which is ca- 
pable of a larger dilatation, ſtrengthening and guarding 
it from a rupture at the ſame time She has likewiſe, in 
theſe veins, provided numberleſs inoſculations, by which 
they open mutually one into another, and openly com- 
municate with the external veſſels of the head and with 
thoſe of the ſpinal medulla, by which means they are 
capable of freeing themſelves more eaſily whenever 
they are overcharged with blood, (CCCXXXII) 

CCCX XXIV. It is by ſome queried, Whether a part 
of the arterial blood is not poured into the finuſes of the 
brain; and whether they have not a pulſation excited 
from that blood? That they have no pulſation, is paſt 
doubt; becayſe the dura mater every way adheres firm- 


ly 
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ly to the ſkull, but much more firmly in thoſe part 
which are the ſeats of the ſinuſes. Indeed they receive 
liquors injected by the arteries; but whether thoſ 
tranſude through the ſmall exhaling arterial veſſels, g 
whether they firit make a complete circle through the 
veins, as indecd is much more probabie, we are not yet 
furniſhed with experiments enough to determine. 

CCCXXXV. Thus ail the blood of the brain is finally 
conveyed into the juguiar veins, which are very dilatable, 
and for that reaſon guard-d with valves to prevent a 
return of the venous blood from the right auricle, 
being at the ſame time ſurrounded with a good deal 
of cellular ſubſtance. As to the blood which goes 
from the head to the vertebral veins, it is a very incon. 
ſiderable quantity; but the jugulars anſwer in ſuch 
a manner to the great upper vena cava in a dire 
courie, that they afford the highway for the blood to 
return back to the heart, The branches of theſe are 
commonly the fame with thoſe of the brain; namely, 
the veins of the brain, and thoſe of the face. 

CCCXXXVI. The external jugular is a cutaneous 

vein of the neck, which produces the temporal one, and 
is united with the internal jugular at the baſis of the 
lower jaw; and the fame fends a branch through the os 
maxillare into the tranſverſe ſinus. The internal verte- 
bral empties itſelf through the tranſverſe proceſſes of the 
neck into the tranſverſe ſinus as often as the canal be. 
longing io it is opened. 
CCCXXXVII. The two lateral ſinuſes of the ſpinal 
marrow run along its whole length, are joined to cach 
vertebra by a ſemicircular arch, and at laſt are united with 
the jugular and occipual finuſes: they fend branches, 
however, to the ſpinal marrow, joined with the anict- 
rior and poſterior ſpinal vein. 

CCCXXXVIIL The veins form innumerable analto- 
moſes with one another, that the blood may return with 
the greateſt caſe from the head, of which the repletiot 
is very dangerous. The brain is alſo more eafily eva 


cuated in the time of inſpiration, and ſubſides as 0 
8 ſee 
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ſee when the ſkull is opened, but ſwells during the time 
of exſpiration. Hence, blowing the noſe, ſncezing, and 
coughing, aredangerous to thoſe whoſe brain is ſwelled 

by retained blood, | 
CCCXXXIX. Whether or not there are lymphatic 
veſſels to be ſeen in the brain, is by ſome queſtioned. 
Indeed, we read deſcriptions of them in the pia mater, 
and in the larger choroidal plexus ; but, for my own 
part, 1 have never been able to ſee them, and poſſibly 
there are none to be ſeen, ſince there are no conglobate 
glands in the brain, which are always near at hand 
wherever any of theſe veſſels are to be found“. As for 
the various accounts which are given of the pituitary 
glandule, of the infundibulum, and of the ducts which 
cad from thence into the veins of the head, abſorbing 
and tranſmitting a water from the ventricles of the 
brain, they are not ſupported by anatomical expert- 
ments: which makes it more probable, that the vapour 
which is ſecreted into the ventricles of a healthy perſon 
is, in hke proportion, abſorbed again by the inhaling 
veins; or, if any part abounds, that it deſcends through 
the bottom of the ventricles to the baſis of the ſkull, 
and from thence into the looſe cavity of the ſpinal me- 
dulla, That this is the caſe, appears from palſies which 
enſue on one fide of the body after ep 
from 


5? In almoſt no viſcus has the exiſtence of lymphatie veſſels 
been oftener aſſerted and again denied, than in the brain. Al- 
though, indeed, I am fully certain, that a group of lymphatic 
glands is nowhere found without lymphatie veſſels, by no means, 
however, could I affert, that there are nowhere lymphatic veſſels 
where glands do not appear. By analogy drawn from the whole 
body and all the viſcera, I am lead to think, that the brain is not 
deltitute of its aqueous veſſels, and that they ron in particular 
upon the ſurface, not in the heart of its ſubſtance, although I my- 
ſelf have never ſeen any, but thoſe moving on the choroid plexus 
towards the tentorium, and on the inner ſurface of the dura mater, 
in the duct of the ſuperior longitudinal ſinus. But I cannot diſ- 
credit the induſtry of the celebrated Sommering, who confirms the 
oblervations of King, Collins, and Pacchioni, who ſaw them goin 
upon the pia mater. I would aſk, May they be joined with the 
glands of Pacchioni? May theſe corpuſcles ſupply the place of 
lymphatic glands? | | 
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from the bifid ſpines or watery tumours in the lows 
part of the ſpinal medulla, following in thoſe who bart 


an hydrocephalus. | 
CCCXL. It now remains for us to ſpeak of the en. 
cephalon itſelf, But many are the parts included un. 
der this general denomination. By the brain, properly 
ſo called, we underſtand that upper and ſoft viſcy; 
which is contained in the ſkull, and which is lodged by 
itſelf in its fore part; but backward it is incumben; 
over another conſiderable part, called the cerebellun, 
which lies in the poſterior and lower cavities of the oc. 
cipital bone, under the membranous tentorium, which 
parts it from the brain. Its lower, middle, and white 
, i portion, 
93 The brain, under which name we comprehend the cerebellum, 
crura, pens, and medulla oblongata, has it in common with all the 
viſcera, that, according to the diverfity of age, the condition and 
mutability of functions, in the various claſſes, genera, and ſpecies of 
animals it has its proportion, which var!:s prodigioufly, to the body, 
Nobody will queſtion that the functions of the mind, the ſenſoa! 
faculties, and the more eaſy or difficult riſe and 1mprefſion of ideas, 
both occationed by theſe laſt agents, as well as by cyſtom and 
Imitation, owe a dependence upon this different proportion of the 
brain to the reft of the body. The dignity of ſuch diſquiſitions, 
and a peculiar fondneſs and defire towards medical pſychology, 
prompted me, theſe eighteen years, whenever an occafion preſented, 
in different animals, and in more than three bundred human ſubjects, 
to make inquiry in determining the proportion of the parts of the 
brain to one another and to the relt of the body, and that of man 
to various brutes, paying regard to the weight as well as to the 
ſpecific gravity. Since the year 1766, I have ſeveral times com. 
municated to my hearers, both in my medico-pſychological, and 
particularly anatomical leQures, many obſervations, both upon the 
weight and the increaſe of the medullary and diminution of the 
cortical ſubſtance, and likewiſe the increaſed ſpecific gravity of the 
brain. Hence many of my thoughts, my neme, however, ſupprel- 
ed, were copied and inſerted in various philoſophical deſcriptions; 
but ſome errors crept in amongſt them : to amend which, I ſhall 
foon inſert a compendium of my obſervatioue, fince the proper 
tables, containing more than 500 experiments, do not ſuit this 
poo: Haller bas given a great catalogue of the weight of the 
rain and its proportion to the whole body, and contaiving th: 
weight of ſeveral animals, taken from Schneider, Pozzi, Paris Traof 
actions, the famous Buffon, Chalder, &c. but my obſervations w, 
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ortion, deſcending befote the cerebellum, is in part 
called the pons, and in part the medulla oblongata. 
CCCXLI. The figure of the brain reſembles that of 
half an egg, which is deeply divided longitudinally, 
but not cut through above half way, into hemiſpheres 
reſembling the fourth part of an egg. Both the upper 
and lower ſurfaces are full of many gyri or convolutions, 
which pretty deeply cut or divide the brain with round 
ends or angles into undulated portions. But the largeſt 
i; that which aſcends on both ſides outwards from the 
fides of the ſella turcica, and divides the hemiſphere 
into two lobes. Upon the ſurface of the ſaid lobules 
or portions lies the cortex, extremely ſoft, and inclined 
from a yellow or red to a grey or aſh colour, being the 
moſt tender of all parts in the human body: this in- 
wardly is filled with the medulla, which is almoſt per- 
fectly white, but redder in the foetus; in many places, it 
is perforated by red arteries, which are more ſimple 
and perpendicular, or ſtraight, thai in other parts. This 
medulla is more ſolid and more capable of ſuſtaining its 
figure, notwithſtanding it is very ſoft, and abounds 
in a greater quantity than the cortex . The greater 
poſterior branch of the carotid artery (CCCX VII.) 
firſt divides the right and afterwards the left hemiſphere 
of the brain into an interior lobe, which is the larger; 
and a po'terior lobe, which is the leſs. | 
CCCXLII. The fabric of the cortex has been a long 
time controverted; but it is now ſufficiently evident, 
trom anatomical injections, that much the greater part 
of it conſiſts of mere veſſels, which are every way in- 
feried from the ſmall branches of the pia mater, de- 
tached like little roots into the cortical ſubſtance, and 
corveying a juice much thinner than blood in their 
natural ſtate, although in ſome diſeaſes, and by ſtran- 
pling, they often receive cven the red parts of the 
blood, more eſpccially in brutes and birds. The re- 
maining 
Whoever accurately inſpects the human brain, will find a three- 


ſold inſtance, particularly in ſuch brains as have been indurated by 
mixture of alchohol and nitrous acid. 
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maining part of the cortex, which is not filled by ay 
2 is probably either an aſſemblage of veins, 

yet more tender veſſels; for no other diſhmilar part 
are apparent in the cortex, whilſt it is in an entire gy 
natural ſtate; from wh-nce one may conjecture ſome 
part of it to be tubular, and the other part ſolid. As t 
glandules making the fabric of the brain, that notion 
has been, diſcarded by univerſal conſent; nor indeed 
has there been any other opinion received with leſs pro. 
bability than this. 

CCCXLIII. In order to gain a knowledge of the na. 
ture of medulla, we are to conſider the anatomical 
ſtructure of this part of the human brain, compared with 
the brains of brute animals and fiſh. Therefore this pan 
of the brain, which follows immediately under the 
outer gyri or convolutions of the cortex, 1s of a white 
colour, and becomes gradually broader and more 2. 
bundant ; ſo that, at length, it makes up the whole 
oval ſection of the brain, except only the gyri in the 
ſurface, which makes the cortex. In this part, the 
two hemiſpheres of the brain, as before obſerved, are 


divided but halt way through ; which hemiſpheres here | 


continue their coheſion with the medulla in the mid- 
dle. That part of the medulla which is extended un- 
der the falciform proceſs, but at ſome diſtance from it, 
is called corpus calleſum; in the ſurface of which run 
two parallel white ſtripes, formed by the pulſation of the 
arteries: theſe ſtripes diverging forwards, and terml- 


nated at the place where they mingle together in the 


fore-part, are thence divided backwards, But the an- 
terior extremity of this callous body is loſt in the ſub- 
ſtance of the crura, coming from the anterior lobes ol 
the brain: the poſterior, which is broader, wich 2 
Jhorter curvature in the ſhape of a nail, is brought in- 
wards; and the other column deſcends into the inferior 
horn of the ventricle, whence it is continued along with 
the longer one into the hippocampus. Moreover, the 
whole ſurface of this callous body is ſtreaked with tranſ. 
verſe fibres, which are continued, but extenuated, . 

a | the 
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the next adjacent medulla of the brain itſelf, EVven 
interior ſubſtance of this body is of a ſtriated nature, 
and its lower ſurface has its ſuture and fibres tranſl 
verſe. | | 

CCCXLIV. As to the remaining parts of the brain, a 
ſcrutiny is more difficult to be made into them: for the 
brain is not a ſolid body, but begins to be hollow in- 
ternally from the lower part of its medulla, which is 
incumbent upon the multiform bone, at which place 
the greater crus of the brain paſſes out from it; and 
in this cavity the medulla 1s only covered with the pia 
mater, which aſcends backward, and then turning 
continues its courſe forward and upward. Next, the 
brain divides itſelf near the poſterior extremity of its 
callous body; and, at the fame time, ſends one of its 
ſhorter poſterior portions into the poltcrior ſobe of the 
brain, turning 1ts extremity inwards. But the anterior 
portion is continued a long way by the fide of the cal- 
lous body, parallel to the horizon; and turning its horn 
outward, which there grows broader, it is terminated in 
the anterior lobe of the brain. This cavity, of which 
there is one in each hemiſphere of the brain ©, is called 
ts triangular or anterior ventricle; and it 18 naturally 
filled with a vapour, which is frequently condenſed into 
water or jelly. 

CCCXLV. This cavity is full; ſo that the upper and 
lower parts of the brain meet together. The lower ſide or 
pavement ot this part is variouſly figured. In its fore- 
part, it forms a horn; below: which there is a riſing 
moderately convex, and of conſiderable length, di- 
verging backwards, covered with a membrane that is 
extremely vaſcular z and, being outwardly of an aſh or 
grey colour, is called the corpora /triata ; becauſe in- 
wardly they exhibit to the view, together wich much 
cortex, alternate white oval ſtreaks, parallel to one an- 
other, longer on the back part; beſides, as it were, lefler 

me- 


** It is quite joined under the margin of the lower fornix, ſo that 


vater and mercury, injected from the ene cavity into the other, has 
a free tranſition, 
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medullary ſpots and mic. More inwardly and back. me 
ward, there are two other ſimilar eminences, more of an Tl 
egg-like ſhape, towards the third ventricle and other th 
parts, moſtly cineritious on the outſide, obſcurely (triat. tel 
ed, and ſo incumbent together, that they frequently co- un 
here on the upper part, where they are confounded {ut 
with the cortex: and theſe, continuing their courſe ue 
through the horn of each anterior ventricle, deſcend tg 1 
the baſis of the ſkull, and there generate the optic * 
nerves, of which they are called the thalami. Betwixt = 
the ſaid ſtriated bodies and thoſe thalami, lies an inter. a 
meGiat”, parallel, white, and ſtreaked medullary por. pa 
tion, called the double ſemicircular centre, produced 12 
from the anterior commiſſure, and frequently from the cy 
crura of the fornix ; but eſpecially from the medulla it. 4 
ſelt, before the tbalami of the brain. This commiſſure th 
is broad, ſtrong, and joins together the anterior part of of 
the brain before the thalami. The double centre, br 
wh:.!: is broadeſt behind, ariſes with many fibres, from ſo 
'the junction of the foot of the hippocampus with the = 
medulla of the brain. But the corpora ſtriata, with the Pl 
thalami, conſtirute the medullary crura of the brain; be 
which, in the baſis of the cerebrum, lie over the me- 7 
dulla of the cerebellum, and are joined together at the | 
extreinity of the bridge above-mentioned. At the a 
place where they approach neareſt to one another, each * 
ſends out an hemiſpherical mamillary eminence. Ihe „ 
fibres of the medulla of the brain itſelf, mixed togethet bi 
with ihe medulla of the cerebellum, defcend into the 
medulla oblongata; and, being then collected into a B 
bundle, they go to the corpora pyramidalia. * 
CCCXLVL. It is to be obſerved, that the corpus cal- 
loſum medium projects or riſes up in the common axis a 


or middle of thoſe ventricles. Behind, this body lics 
contiguous dad incumbent on the fornix ; but, before, 
there are two ſimilar medullary partitions, which deſcend 


and this part, which in its middle includes an anon): 
3 mous 
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mous cavity, goes under the name of ſeptum pellucidum®*, 
This ſeptum is continued to the mi; that is to ſay, 
the four-horned medullary trabecula, which takes its an- 
terior origin from the medulla of the brain, and ſome- 
times fromthe mamillary protuberances; and the commiſ. 
ſure which we have mentioned; and behind that, par- 


ticularly under the thalami, and often from the double 


centre and crooked line of the thalami. This fornix is 
incumbent upon an interval of the ſtriated bodies; 
and upon another interval of the thalami : from whence 
it degenerates partly into a broad thin fimbria; and 
partly into another tubercle, whieh is evidently conti- 
nuous with the fornix and callous body of an half 
cylindrical figure, and furniſhed with an appofite fim- 
bria, Theſe deſcend into the lower anterior horns of 
the ventricles; and at laſt terminate outwards by a fort 
of convex ſulcated end, imprinted by the gyri of the 
brain; and terminated by a foot, having as it were 
four-furrows, whence the name of Hippocampus, which 
externally are covered by exceeding thin medullary 
plates, bur are inwardly of a cortical ſubſtance. At the 
beginning of the diviſion of the foot of the hippocam- 
pus, the tznia ends in two white ſtriæ, a long and a 
ſhort one, inſerted into this foot and into the brain, or 
one inſerted into the inmoſt part of the unguis. A like 
protuberance is continued in the poſterior horn of the 
ventricle, crooked inwards at its extremity like the claw 
of a bird, to which a continuous column occupies the 
hinder part of the baſis of the horn of the deſeending 
ventricle, which is continued with the corpus calloſum. 
Betwixt the departing poſterior crura of the fornix, the 
medullary portion, which is behind the middle plexus 
of the ventricles, and painted with tranſverſe and pal- 
mated ſtreaks, is called the pſalterium or harp. 
CCCXLVIL Within the anterior or lower part of 
Vol. I. O each 


185 This cavity, which I uſe to call ventriculum ſepti lucidi, com- 
Dunicates with no other ventficle of the brain. I have ſeen it won- 
wr ey] dilated in an internal hydrocephalus, containing two draws 
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each of the ventricles, begins the vaſcular plexus, called 
choroides, included in the pia mater only, it lying naked 
in the reſt of the cavity of the ſkull, made up of a grey 
many ſmall arteries CCCXVII, CCCXVIII.), together 
with little veins originating from the larger trunk 
(CCCXXV.); all which numerous veflels, joined to. 
gether by the pia mater, reſemble a curtain variou 
folded. With theſe are intermixed many ſmall pelly. 
cid glandules of a round figure, reſembling hydatidz, 
It aſcends from the baſis of the brain, through the de. 
ſcending horn of the ventricle, and thus is dilated as i 
goes upward ; but, thence, becoming narrower, it gott 
on with the optic thalamus, to the poſterior extremity 
of the feptum lucidum. When thoſe plexuſes hay: 
reached the anterior extremity of the thalami, being 
afterwards refle &ed and united together into one very 
large vaſcular plexus, they gradually deſcend through, 
the crevice of the third ventricle as far as the pineal 
glandula, and then are continued into the pia mater of 
the poſterior lobes of the brain. From this plexus, 
doubtleſs, proceeds the internal warmth of the brain, 
with its exhalation and inhalation. But the choroidal 
plexuſes become very broad where the anterior ven- 
tricles of the brain begin to deſcend ; and thence, con- 
tracting gradually downward, they project their extre- 
mitics to the ends of the anterior ventricles, covered 

only with the pia mater. | 
CCCXLVIII. Betwixt the thalami, applied one tothe 
other almoft with a plain ſurface, there is a natur 
fiſſure terminating the crura of the brain, which meet 
together in the baſis of the ſkull; and this is called the 
third ventricle, It leads by a declivity, like a funnel, 
forward into a concave column; which though hollov 
in brutes, is yet evidently leſs tubular in man, and con- 

nected to the pituitary glandulc. 
CCCXLIX. This is compreſſed on both ſides, ſimple, 
of uncertain ſtructure; on the anterior part alm 
round, and of a reddiſh colour; on the poſterior, cine. 
ritious, 
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d ious, broad tranſverſely, covered with the pia mater 
d of the brain: it lies upon the proper impreſſion of the 
Cha turcica, and ſeems to be a kind of appendix to 
et the brain. . 
Ik CCCL. Backward, the thalami are conjoined toge- 
Q- ther in the bottom of the ventricle, by a medullary faſ- 
ca, or poſterior commiſſure, and by a ſmaller tranſ- 
u- WF jerſe chord; from which a crooked white ſtreak goes 
b. WH out on both ſides in the upper part, which lofes uſelf 
e in the double centre, in the anterior commiſſure, and 
i: WF ſometimeg in the crus of the fornix. On the fore and 
et upper part, the thalami ſpring out of a protuberance, 


wich is formed by the triangular fornix lying between 
re the two thalami. 4 | | 

1 CCCLI. This little eminence ſeparates the upper 
angular cavity of the third ventricle, filled up with 
b. che fornix, from the inferior calamus ſcriptorius, in ſuch 


a manner, that the cavity is continued both from the 
ol WF anterior and poſterior extremity of the third ventricle, 
$, from the top to the bottom. But even the anterior 
n, commiſſure is a medullary ſtreak which unites the tha- 
al lami before the anterior crura of the fornix. 
N- CCCLII. Again, behind the thalami, thoſe tranſverſe 
l- WF figured eminences of the medulla meet together, which 
e conjoin the medulla of the right and left poſterior lobes 
d of the brain. In this part, backward, are cut out four 
oval eminences, which are outwardly ſmaller, called the 
Ie nates and teſtes, and which are of a ſubſtance inwardly 
al WF cortical, but outwardly medullary. Upon theſe is ſeated 
e a cortical glandule, ſomewhat oval and conical, ſpread 
ic WF vith many ſmall veſſels, into which the choroide plexus 


, WF ficre degenerates:; this is the pineal glandule ſo much 
U celebrated, and fo frequently diſeaſed, and joined to the 


N- brain by ſmall foot-ſtalks ſent into the linea alba thro? 
the thalami in their paſſage forwards Between this 
, eminence, on which theſe four protuberances are cut 
lt out, and the crura of the oblong me dulla, paſſes a groove 
or channel in the ſame direction from the third to the 


$, O 2 fourth 
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_ ventricle, manifeſtly open, reſembling an aque. 
du 3 

CCCLIII. The whole medulla of the brain is, in i 
lower part or baſis, collected together into two v 
thick compreſſed columns, diſtinguiſhed in their ſurface 
by a line running according to their length; which have 
internalty a cortical ſubſtance, and are the crura of tl, 
Brain. Thefe, meeting together backwards, are coyer. 
ed by the ſubjacent crura of the cerebellum, and ar 
inſerted by apparent ſtrata of fibres into the pyramid 
Bodies of the medulla oblongata; and with. the other 

deeper fibres, which ſeparate the inner tranſverſe fibres 
that come from the cerebellum from the preceding, 
meet together with the medulla cerebelli to make uy 
the beginning of the medulla oblongata. 

CCCLIV. The cerebellum, as it is lefs, ſo it is more 
ſimple than the brain. It has two lobes, but no where 
deeply parted, united above and below in their centre 
to a ring of the fame fabric with itſelf, called the vermi,, 
at the fide of which there is a ſmooth eminence of the 
fame nature with the cerebellum itſelt. This part of 
the encephalon contains a great deal of the cortex, with 
a leſs proportion of medullary fubſtance. And her 

likewife, the cortex is placed in the circumference, but 
marked with gyri or convolutions, which are rather pa. 
rallel to each other, ſo as to form' circles. Thus ihe 
imail lobules or portions are diſtinguiſhed, but not 
deeply, and afterwards ſend out each of them ther 
medulla; which is, by degrees, ſo collected together in 
rays or branches, meeting in one trunk, that the whole 
reſembles the figure of little trees. This medulla, col 
lected together into the large crura of the ccrebellun, 
and ae e in the inner part with ſerrated cortical line, 
interwoven with ore another, hath a threefold termina- 
tion. One part aſcends towards the baſis of the naies, 
where it joins with the medulla of the brain under the 
teſtes; but the right and left parts of it are jus 


97 So called by Sylrius, as the jugum itſelf, under which ru l- [tri 
pons Sylvii. 
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each other by a tranſverſe medullary ſtria behind the 
nates. From this, ſome diſtinct fibres aſcend outwards, 
and join themſelves to the tranſverſe ones of the bridge. 
Br tween theſe firſt proceſſes of the cerebellum, is 
ſtretched a medullary lamina, behind the fourth ven- 
tricle, ſending forth fibres beyond the proceſs. Ano- 
ther portion deſcends into the ſpinal medulla, and ter- 


| minates in peculiar nail4ike protuberances, which are 


each anonymous, and have other cortical portions near 
them. A thard portion, which is larger, and finuated 
in the middle, goes tranſverſely downward under the 
crura of the brain, which it embraces ; and by twice 
ntermixing alternately with their tranſverſe medullary 
fibres (CCCLIL), it is in a great meaſure confounded 
together with them. | 

CCCLV. Thus is produced from the crura of the brain 
deſcending above thoſe of the cerebeMum, and from 
the-medulla of the cerebellum tranſverſely ſurrounding 
that of the cerebrum, the pons, at firſt almoſt oval, 
but more blunted on both ſides, depreſſed in the mid- 
fle, and inſcribed on all fides with tranſverſe fibres. 
Then the medulla oblongata, continuous to the pons, 
is internally variegated and ſtreaked with a ſubſtance like 
the cortex, and deſcends of a conical ſhape, inclined to 
the great foramen in the occiput. This medulla has 
two pair of tubereles before the pons ; the outermoſt 
of the figure of an olive, and the innermoſt of a pyra- 
midal ſhape, for they leſſen downward like a cone; and 
theſe are immediately divided by a ſulcus, through 
wich the pia mater enters. But betwixt that medulla 
and the worm. like proceſs of the cerebellum, is formed 
a cavity, limited by the four leſſer proceſſes, which as 
they alcend or deſcend is at firſt narrower; but above 
the tubercle (CCCLIV.) it grows broader, and is of a 
mMomboidal figure : it is called the fourth ventricle. It 
ls ſhut in its back-part by the valvula magna, or a me- 
Wllary velum, uniting the proceſſes going from the 
cerebellum to the nates and vermis, and tranſverſe 
ſtria lying under the teſtes, and ſhutting the ventricle 
O 3 behind, 
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behind (CC LIV.) This ventricle has a moderately 
large ſulcus or turrow, having ſwelled lips 

g „ having ed lips on each fide 
inſcribed on the medulla oblongata, and anſwering to the 
canal that 1s covered by the nates and teſtes, called the 
aqueduct (CCCXLVII.) In this laſt ventricle, as wel 
as in the foregoing, is lodged the plexus choroides, only 
leſs in bulk, together with an upper ſulcus called calamy;, 
Each of theſe ſulci is continued down along the me. 
dulla ſpinalis, both in its anterior and poſterior ſide; 
more evidently in the former, but leſs ſo in the latter, 
Tranſverſe fibres are detached in its upper part from the 
right to the left fide, both of the medulla oblongata and 
ſpinalis. But two or three of the tranſverſe ſtreaks that 
ariſe from the eminences which intercept a ſulcus, are 
inſerted into the ſoft part of the acouſtic nerve; others 
go to the eighth pair, and others of the ſame kind 
alcend to the crus of the cerebellum. 

CCCLVI. All the medulla of the brain and 
bellum goes out from the ſkull, through particofar 
openings, to the parts to which it is deſtined. The 
imaller bundles of this medulla we call nerves; but 
the larger, deſcending through the ſpine, we call the 
medulla ſpinalis, which is a continuation of that called 
oblongata (CCCLV ) But the nerves, which are bundles 
of the medulla, and very ſoft in their origin, are com. 
poled of itraight parallel fibres in diſtinct threads, 
Theſe nervous cords, after they have gone forward 
ſome length, covered with the firm pia mater of a red- 
diſh colour, are afterwards united into a more tough or 
permanent firing; and then, conjoined, divided, and 
in the neighbourhood of others like themſelves, they 
haſten through a cellular texture to their proper open- 
ing in the dura mater, and thence run down through 
the intervals of the channgls formed by that mem: 
brane, till they meet with an opening in the ſkull, ov! 
of which they paſs through the membranous funnel ol 
the dura mater. The nerve, having arrived without 
the ſkull, is commonly ſurrounded by the dura mater, 
ſo as to become very ſolid and firm, Thus it is in the 

; OpUuc 
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optic nerve, in the fifth pair, and in others; but in 
ome again there does not appear to be any dura mater 
arrounding the nerve, as in the olfactory nerves, in 
the ſoft portion of the auditory nerve, and the interco- 
al, The nerves now deſcend naked or leſs fenced 
detwixt the muſcles, detaching their cords or threads 
of which they are compoſed, and are ſtill made up of 
the medulla covered by the pia mater. Many ſmall 
threads of this kind are joined together into larger, 
by the union of the cellular ſubſtance that ſurrounds 
them, through which run many ſmall arteries and veins 
intermixcd; and ſometimes fat itſelf is therein lodged, 
But in general the outer covering, common to the 
whole nervous bundle, is either derived from the dura 
mater, or at leaſt is a hard plate of the cellular ſub- 
ſtance, wherein all the ſmaller threads are contained 
and united into one nerve, often reſembling a true 
membrane. 

CCCLVIL It is common to all the nerves of the head 
to ariſe and paſs out from the lower part of the medulla 
of the brain or cerebellum®. The offattory nerve ariſe 

| 04 with 

9 The real origin of the nerves of the brain is placed now beyond 
diſpute, fince the elegant tables of Santorinus and of the learned Som- 
mering were publiſhed, with which the celebrated Camper agrees in 
his Tables. which are not yet come out, and with Mayer alſo. Nature 
herſelf has divided all the nerves in the animal body :nto three claſſes ; 
the firt of which contains the nerves, whoſe origin is from the 
brain, coming through the foramina of the cranium : I ſimply call 
theſe the nerves of the cranium. The ſecond comprehend the greater 
zumber of thoſe ſent from the ſpinal marrow, which I call ſpinal nerves: 
and the third contains only a few, which are compoſed of others, and 
might be called mixt, if there was need of a particular name. To 
this belongs the accefſorius, which is a true ſpiral one; the great 
ſympathetic, a very complicated nerve; and the phrenic and fplanch- 
nic. Nobody will call in quettion the limits and. attributes of the 
ſpinal nerves ſince the time of the greata natomiſt Baron de Aſch ; 
but it is certain, that the real number of the nerves of the firſt claſs 
was not determined before the famous Sommering, who firſt de- 
vulged the opinion of his maſter. For indeed, if we conſider, with- 
out regard to the paris, the riſe, nature, deſcant, and termination 
of the portio dura of the ſeventh pair, then the proper pair of 
nerves, we ought to wake the eighth there, and to diſtinguiſh ir by 


the name of communicans faciei, All which are acxt in order, be- 
| long 
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with lateral fibres from the interval betwixt the anten 
lobe of the brain, but with direct fibres from the ne. 
dulla of the anterior lobe itſelf, A great part of the 
optic nerve ſprings from the thalami (CCCXLYV.,), by 
ſome part likewiſe from the crus of the brain, while the 
nerves decuſſate through its ſubſtance. The third ariſg 
from the loweſt crus of the medulla of the brain he. 
hind the mammillary bodies. The fourth, which z 
either ſimple or trifid, ſends a proceſs fram the fide of 
the cerebellum to the teſtes, The fifth ariſes plainly 
from the peduncles of the cerebellum itſelf®. The 
ſixth out of a ſulcus (CCCLIV.) deep from the botton 
of the pons betwixt that and the medulla oblongatz, 
The ſeventh ariſes with one part fofter from the me. 
dulla oblongata, and by two tranſverſe ſtriæ, from the 
fourth ventricle itſelf; and with anpther part harder 
from that portion of the crus of the cerebellum which 
lies next the pons'®. The eighth nerve ariſes fromthe 
interval betwixt the olivary and pyramidal bodies or 
protuberances; and, according to the obſeryation of 
other eminent anatomiſts, from the fourth ventricle like. 
wiſe. The ninth ariſes from the corpora olivaria and 
pyramidalia. The tenth, by reaſon of its double root, 
is reckoned a nerve of the neck, going out with anarch, 
in company with the upper and lower adjacent nerve. 

| | ben 
long to the medulla oblongata; the firft pair af which is the gloſo- 
pharyngzus ; ſecond, the vagus; third, the lingualis medius, and then 
begin the pinales, furniſhed with a donble root and ganglion ; the 
firſt of which is the celebrated pair of Aſch, denominated the tents 
by Willis. 

99 By my experiments it conſiſts evidently of a double portion; the 
minor or anterior, compaſed of from 4 to 6 nervous faſciculi, and arifng 
from the upper and high part of the foot - ſtalk; the greater, or poſte- 
rior and inferior, made up of 34 to 50 faſciculi, and rifing from the 
middle lioe of the foot-ftalk ; a deſcription of which I inſerted in the 

Gottenburg Commentaris, as well as the famous anatomiſt Sommering. 
700 There are three portions of nerves, which are commonly 
taken in under tbe ſeventh pair: à, the communicans faciei, or the 
portio dura, which we may alſo call the ſmall ſympathetic ; 6,3 
pew intermediate portio; c, the auditory or acoullic properly ſo called, 
* are clearly repreſented by wy ipgenious pupil Sommering, 
Tab. 3. . 


* 
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There is, therefore, no nervous branch that ariſes pro- 
perly from the cerebellum, unleſs it be the fifth: for 
the anterior nerves, the olfactories, optics, and third 
nerve, come from the brain only; and all the reſt from 
thoſe parts where the medulla, both of the brain and 
cerebellum, is conjoined. 

CCCLVIII, The ſpinal medulla is a kind of very ſoft 
medullary rope or appendix to the encephalon, conti- 
nued down from the medulla oblongata, as low as the 
ſecond vertebræ of the loins. In the neck its anterior 
and poſterior ſides are flat, laterally convex, but in the 


back it is ſquare. It is Jargeſt where it goes out from 


the head; from thence it is ſmaller in the top of the 
neck ; in the lower part it is larger; but ſmaller again 
through almoſt the whole back ; thicker in the lower, 
oval, and conical part of it; and laſtly it ends in tu- 
bercles. The pia mater is a proper integument to this 
part as well as to the brain, ſince it enters the foremoſt 
fiſſure deeply, and divides the medulla almoſt into two. 
The cortical ſubſtance which lies within it is obſcure. It 


has an anterior artery produced in the ſkull, from the 


branches of the vertebrals. This artery is retrograde, 
and deſcends through the whole length of the pia ma- 
ter, perpetually making alternate ſinuous flexures, which 
form inoſculations about many but not all of the 
nerves, with branches of the vertebral, intercoſtal, 
lumbar, and ſacrolumbar arteries; till at laſt, bein 
covered with a peculiar coat from the pia mater, it 
goes out and diſappears at the coccyx. In like man- 
ner the two poſterior arteries, which are leſs, ariſe and 
are diſtributed from the lower arteries of the cerebel- 
lum, and are more ſerpentine, and frequently inoſcu- 
ated among themſelves. The ſpinal veins deſcend, to- 
gether with the arteries, from the brain itſelf, ſending 
out branches in like manner on each ſide, which ac - 
company the nerves like ſo many circular ſinuſes, fixed 
in the dura mater, and correſponding to the number 
of the vertebræ; all which ſo communicate one with 
mother, that each has on all ſides a direct _— 
[ 
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both with the uppermoſt and lowermoſt; and, after 
having ſent out branches that join the vertebral, inter. 
coſtal, and lumbar veins, they unite with thoſe of the 
facrum. 1he uppermoſt of theſe ſinuſes inoſculate: 
with the anterior occipital ſinuſes (CCCXXXII.) 

CCCLIX. But there is another covering, not ſpread 
with any veſſels, which ſurrounds the ſpinal medulla 
looſely and at a diſtance, and is pretty firm, of a Watery 
clearneſs, called arachnoides; and which being longer 
than the pia mater, 1s extended to the bottom of the os 
facrum, where the nerves, only deſcending from the 
medulla, are collected by it into a faſciculus. But in 
what manner it goes out, together with the nerves, has 
not hitherto been deſcribed. Between that membrane 
and the dura mater there exhales a vapour, which is 
frequently condenſed into a reddiſh water, and produ- 
ces a true dropſy. | 

CCCLX. Laſtly, the dura mater, belonging to the 
ſpinal medulla, and continued from that of the cerebel. 
lum, furrounding the arachnoides, and from thence 
deſcending to the bottom of the os ſacrum, being lar. 
ger at its beginning, at the bottom of the neck, and at 
the loins, but flenderer in the back, and being connec. 
ted ultimately by many ligaments to the os facrum, it 
at laſt diſappears in a ſlender cone, As the nerves pals 
out through this membrane, it gives them an external 
covering; aid direQly thickens or ſwells with them in- 
to a ganglion, or hard, oval, reddiſh-coloured knot, 
To this hard covering of the dura mater internally ad- 
heres a ligament dent'culated at the interval of cach of 
the nerves, which ariſes from the ſkull near the courſe 
or paſſage of the ninth pair of nerves, tying the arach- 
noides to the dura mater by triangular productions in 
each of the intervals of the nerves, and betwixt the 
anterior and poſterior bundles of the ſpinal nerves down 
to the bottom, and twelfth vertebra of the back. Ex- 
ternally there is a ſort of fat ſurrounds the dura ma- 
ter, and alſo lines internally the covering of the vette. 
bræ of the ſpine; which by this means are ſo adapted 


like a tube to the medulla ſpinalis, that the latter i 
1 | not 
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not liable to be compreſſed by the bending of it in any 
firion. * 
FCCCLAT. The fibres of the ſpinal medulla, in drop- 
ical ſubjects and in brute animals, appear very diſtin, 
Theſe medullary fibres go our from the whole anterior 
and poſterior ſides of this long appendix ; after which, 
the anterior cords are commonly wrapt up in the pia 
mater, in which they converge together like rays into 
a larger faſciculus; to which alſo join ſimilar threads in 
another bundle from the polterior faſciculi joining to- 
gether into one nerve, which, paſſing out through the 
holes of the dura mater, produces a nerve betwixt each 
two vertebre. [theſe vertebrae are about 3o in num» 
ber, In the neck, numerous radiated nervous fibres 
compoſe one large and almoſt tranſverſe nerve. In the 
back they deſcend, in general, of a ſmaller ſize ; but fo 
that the lower and larger ones are commonly joined 
cloſe to one another. The large and long lumbar ones 
join to form the cauda equina. The loweſt nerves of 
the os ſacrum are the leaſt, the uppermoſt ones large. 
Many of the dorſal nerves, together with the lumbar 
ones, and thoſe ot the os ſacrum, covered with their 
proper membrane from the pia mater, accompanied 
with their artcries, and incloſed in the arachnoides, make 
up that rope which is called the cauda equina. 
CCCLXII Thole nerves are atterwards diſtributed 
to all parts of the body in a manner very complex, and 
not here to be deſcribed, But we mult not omit to ob- 
ſerve, that all the ſpinal nerves, except one or two in 
the neck, have both an anterior and poſterior trunk, 
This is only ſent to the muſcles. It produces a nervous 
root; which joining the ot':er adjacent nerves, and ha- 
ving given a ſmall circle that pfoceeds from the ſixth 
nerve of the brain and the ſccond branch of the fifth, 


comes through the pterygoide canal, and forms one of 


the principal nerves of the human body ; which, com- 
municating with a}mo!!2 all the other nerves of the whole 
lyltem, ſends out nervous branches to the heart and all 
the viſcera of the abdomen, The ſame has as many 
ganglia as roots from the medulla, unleſs where —_— 


diaphragm; but below it receives nerves from the great 
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in bulk, though ſometimes they become thicker as they 


, tremities, which are ſeldom viſible, ſeem to terminate 
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of them join into one ganglion. It communicate; ig 
various places with the crural, brachial, and diaphry. 
matical nerves, alſo with the par vagum and ninth pat 
of nerves. The other primary or capital nerve is the 
eighth or vague nerve, ariſing from the brain, and join, 
ing itſelf to the intercoſtal in the bottom of the neck, 
in the thorax, and in the abdomen: this paſſes out d 
the ſkull in three cords; of which the larger feng; 
branches to the larynx, gula, lungs, and the cardie 
plexus itſelf (XCIX), alſo to the ceſophagus, ſtomach, 
and liver. The third of theſe is the phrenic nerve, ati. 
fing from moſt of the lower .nerves of the neck and 
arms; and ſometimes, being increaſed from the root 
of the ſpinal nerve, it deſcends by the fide of the peri. 
cardium, and inſerts itſelt into the upper face of the 


plexus of the intercoſtal nerve. Laſtly, the acceſiry 
nerve, ariſing by many ſmall roots from the ſix or ſeven 
uppermoſt poſterior nerves at the neck, and from the 
medulla oblongata, joins the nerve of the eighth pair 
going back again into the ſkull, and ſeems, by this 
means, to make a conſent betwixt that important nerve 
and the ſpinal medulla, Moreover, the nerves of the 
limbs have at their origin plexuſes or knots, and are, on 
account of their length, harder and firmer in their ſub- 
ſtance, and much larger, than the great nerves which 


go to the viſcera: thote which go to the hand, ariſe % 
trom the four lower nerves of the neck and firſt of the 1 
back; but thoſe of the lower extremity from the neryes | 
of the loins and os ſacrum. | 0 


CCCLXIV. The nerves divide into branches like the 
blood veſſels, but in acute angles, and often in a courſe 
manifeſtly retrograde, growing gradually ſofter and lels 


recede from the brain, till at length their ultimate ex- 


in a pulp, by depoſiting the firm jnteguments with 
which they were covered, after the manner which ve 
obſerve in the optic nerve. But the reQilinea! ron 
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of the fibres, continued from the brain irſelf, is ſuch, 
that it is never broken off by the diviſion or ſplitting of 
2 nerve into ſinaller threads, which only recede from 
each other by an openiag of the cellular ſubſtance that 
tied them together. This appears from the diſorders, 
which are determined not to all, but only to ſome ſingle 
s by injuries of the brain; as a loſs of the voice, 
deafneſs, dumbneſs, and palſies of particular muſcles ,”. 
They are connected in their courle by the cellular ſub- 
ſtance to the adjacent parts, but have hardly any elaſti- 
city ; whence they do not fly back after being divided, 
but only expel, by the contraction of their integuments, 
the ſoft medulla which they include. But though they 
are irritated ever ſo much, they are neither contracted, 
nor are they rendered thorter during the motion of the 
muſcles which they produce. A great many nerves are 
ſent into the muſcles ; many of them go to the ſkin; 
but fewer to the viſcera, and tewelt of all to the lungs'®?; 
none at all to the dura and pia mater, arachnoides, ten- 
dons, capſules, and ligaments, and laſtly the whole ſe- 
condary membranes. 'They make frequent inoſcula- 

tions with each other, or one trunk gives off man 
branches: and principally from the conjunction of theſe 
branches the nervous ganglia are formed; i. e. hard 
nervous tumours, for the moſt part repleniſhed with 
blood · veſſels, and included in a firm membrane, but of 
a uſe and ſtructure as yet not certainly known, in which 
the ſtraight courſe of the nervous fibres is interrupted. 
The nerves of the ſenſes alone are excepted from theſe 
ganglia or knots, together with the eighth pair; but 
they ſeem in a manner eſſential to the phrenic nerves, 
to the fifth pair, to thoſe of the limbs, to the ſpinal and 
| to 


e The want of ſmell, fight, and hearing, is incurable, if the 
derves are compreſſed or deſtroyed by tumours, ſcirrhi, and in par- 
ticular venercal ulcers, ariſing in that part of the brain where the 
nerves come out. | 


1% More nerves manifefily enter the organs of fenſe than the 
muſcles. 


"03 It is very certain that the lungs are ſupplied with more 
aerves than the ſpleen, uterus, and other viſcera. 


| 
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to the intercoſtal nerves, which laſt are truly ſpiny 
nerves. 

CCCLXV. Thus far we are taught by anatomy con. 
cerning the brain and nerves; it now remains only 
that we explain the phyſiological uſes of theſe part, 
Every nerve, therefore, that is irritated by any cauſe, 
produces a ſharp ſenſe of pain. But we muſt reckon 
the mind to be changed, when any change happens to 
the body. It is the medullary part of the nerve which 
fecls the pain. If the nerve was endued with any pe- 
culiar ſenſe, that ſenſe periſhes when the nerve is com- 
preſſed or diſſccted: the ſenſes of the whole body are 
loſt by a compreſſion of the brain; and of thoſe parts 
whoſe nerves originate below the ſeat of preſſure, if you 
compreſs the ſpinal marrow. If certain parts of the 
brain are compreſſed from which particular nerves a- 
rife, then thoſe ſenſes only are loſt which depend on the 
nerves, as the ſight or hearing. Thoſe parts of the 
body which receive many nerves, as the cyes and 


nis, have the molt acute ſenſation ; thoſe have leaſt ſen- 


ſibility which receive few nerves, as the viſcera ; and 
thoſe which have no nerves, as the dura mater, ten- 
dons, ligaments, ſecundines, broad bones, and carti- 
lages, have no ſenſation. 

CCCl. XVI. It is therefore evident, that all ſenſation 
ariſes from the impreſſion of an active ſubſtance on ſome 
nerve of the human body; and that the ſame is then 
repreſented to the mind by means of that nerve's con- 
nection with the brain. But this ſeems to be falſe, that 
the mind perceives immediately by means of the ſenſor? 
and branches of the nerves. For this opinion is refuted, 
by the pains felt after amputation, the ceſſation of all 
pain when the nerve is compreſſed, and the deſtruction 
of the ſenſes by diſeaſes of the brain. And that the 
effect of the ſenſes is preſerved in the brain, is evident 
from the loſs of memory which follows when the drain 
is injured or compreſſed; alſo from the delirium which 
happens in ſome diſcaſes, and the ſtupor and 1 

| whic 
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which happen in others. We have already obſerved, 
mat the dura mater has no ſenſation. 

CCCLAX VII. Another office of the nerves is to excite 
motions, even the moſt violent ones, in the muſcles. 
When a nerve is irritated, the muſcle to which it goes 
b immediately convulſed; or if it ſends branches to ſe- 
reral muſcles, they are all convulſed at the ſame time. 
This happens during the life of the animal, and a little 
after its death, while all the paris are moiſt, By a great 
irritation other muſcles are thrown into convulſions, 
and afterwards the whole body. Nor is it nec-flary 
that the nerve ſhould be whole; for cven when it is cut, 
an irritation of it will excite ſimilar motions in be muſ- 
cles. On the other hand, when a nerve is co:nprefled 
or tied, a palſy follows; for the muſcles which have 
their nerves from that one lie unmoved, when they are 
commanded by the will to act. lhey alſo recover their 
motion when the compreſſion is removed, provided the 
nerve las received no hurt. | 

CCCLX VIII. But the medulla of the brain being vel- 
licated or irritated deeply in its crura, dreadful convul- 
ſions enſue throughout the whole; and this without any 
exception, whatever be the part of the brain ſo affected; 
nor is there any difference in the brain, cerebellum, or 
corpus calloſum. The ſame conſequences allo follow, if 
the ſpinal medulla be irritated, But if the encephalon it- 
ſelf be compreſſed in any part whatever, there follows 
thence a loſs of ſenſe and motion in ſome part of, the 
body, which muſt be the part whoſe nerves are de- 
tached from the affected or compreſſed quarter of the 
brain, This is clearly evidenced from experiments 
which have been made on particular parts of the brain 
diſordered: as from thoſe, for inſtance, in which the 
origin of the nerves is compreſſed, the voice is loſt; 
or the motion of one arm or leg, or one ſide of the 
pharynx, is aboliſhed. But in the injurics of the ſpinal 
medulla, it is Kill more evident, that thoſe parts which 
receive their nerves ariſing from the place injured in 
the medulla, are either convulſed, if that be irritated, 

or 
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or rendered paralytic, if it be compreſſed. Bur whe 
any more confiderable or large portion of the brain {xt 
fers a compreſſure, either from blood, water, ſcirrhy, 
an impacted bone, or other mechanical cauſes, tj, 
greateſt part, and then the whole, of the body loſes in 
power of motion; of thoſe organs which obey the vil 
when the malady is in a leſſer degree, and of them il 
when it is greater; all which diforders ceaſe upon t. 
moving the compreſſing cauſe. Laſtly, if the ſpin 
medulla, entering the neck, be injured, death imme. 
diately follows ; becauſe from thoſe parts principal 

ariſe almoſt all the nerves of the heart (XCIX.) 
CCCLX!X. Theſe things bcing conſidered, there 
ſeems to be no doubt, but the cauſe of all motion in 
the human body ariſes from the brain with its annex. 
ed cerebellum and ſpinal marrow; and that it thence 
procceds through the nerves to all the muſcular partsd 
the body. The cauſe, therefore, of this motion canndt 
reſide in the parts themſelves, becauſe otherwiſe the 
moving cauſe would continue to act after being ſeparatel 
from the brain; nor would it be increaſed by irritating 

the brain, or weakened by a compreſſure of it. 

CCCLXX. Whether or not is there in the brain a 
principal part, in which reſides the origin of all motion, 
the end of all the ſenſations, and where the ſoul has iu 
ſeat? Whether is this proved by the frequent obſers 
tion, that the ſenſes are ſometimes entire, and that mo- 
tion likewiſe re mains, though the brain is grievouſly hun 
Is it in the corpus calloſum? Or is this ſhown by tht 
2 fatality of wounds or diſeaſes in the corpus cal 
oſum? Is this body ſufficiently connected with the 
nerves? Are there any experiments which deduce fron 
thence the fifth, ſeventh, and other nerves? Doth not 
the fame or even greater mortality of wounds in ie 
medulla ſpinalis prove the ſame thing? Yet this is nd 
the ſeat of the ſoul, ſecing, though it is compreſſed ot 
even deſtroyed, the perſon will ſurvive a long time vid 
the perfect uſe of all his ſenſes. Nay, this opinion 
oppoſed by very many facts: birds have no corpus 2 
ſum; 


cn XI. BRAIN awd NERVES. _ 


fm; and wounds in that body are not in the leaſt more 
mortal than thoſe in other parts of the brain, as appears 
from undoubted experiments. 

CCCLXXI. But the power of the cerebellum is not 
greater in exciting the vital motions, nor are the vital 
and animal functions diſtin&t ; nor does the cerebel- 
um produce the nerves of the heart and of other vital 
organs, and the brain thoſe which go to the organs of 
ſenle and voluntary motion. From the cerebellum 
the fifth nerve is moſt evidently produced; but that 
goes to the tongue, pterygoide, buccinator, temporal, 
and frontal muſcles, the lap of the ear, the eye, the 
noſtrils; all which are parts either moved by the will, 
or deſtined for ſenſe. Again, the ſame nerve, like 
the eighth, ſends vital branches to the heart and lungs, 
animal and voluntary ones to the larynx, and ſenſitive 
ones to the ſtomach. Again, it is not even true, that 
diſorders of the cerebellum bring on ſo certain aud 
ſpeedy death. For certain experiments, even of our 
own making, ſhow that it has borne wounds and ſcirrhi, 
without taking away life; nor is it much different from 
the brain, only that it is ſofter and more tender; and 
altly, we have known, and that not very rarely, 
wounds of the cerebellum cured. The power, how- 
ever, of this part, in exciting convulſions, is ſomewhat 
greater. | 

CCCLXXII. Concerning the ſeat of the ſoul, we muſt 
inquire experimentally. In the firſt place, it muſt be in 
the head, and not in the ſpinal marrow. For though 
his is obſtructed, the conſtancy of the mind remains 
the ſame. Again, it appears, from the experiment of 
convulſions arifing, when the inmoſt parts of the brain 
are irritated, that it lies not in the cortex, but in the 
medulla; and, by a probable conjecture, in the cru- 
ta of the medulla, the corpora ſtriata, thalami, pons, 
medulla oblongata, and cerebellum. And again, by 
| another not abſurd conjecture, where the origin of 
every nerve lies, as the firſt origins of all the nerves 
taken together make up the ſenſorium commune. Are 
Wiel P | the 
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| the ſenſations of the mind repreſented there, or do the 
voluntary and neceflary motions: ariſe in that place} 
This ſeems very probable. For it does not ſeem pc. 
ſible, that the origin of motion can lie below that d 
the nerve; for although it ſhould be aſſumed gratis, tha 
ſome part of the nerve is immoveable, or inſenſible, 
yet that 1s altogether fimilar to the remainder of the 
nerve. Nor can the origin of motion (CCCLXII) 
depend upon the arteries, which have neither the faculy 
of ſenſation nor that of voluntary motion. It therefore 
follows, that the ſeat of the mind muſt be where the 
nerve firſt begins its formation or origin. 

| CCCLXXIII. We come now to explain the manner 
in which the nerves become the organs of ſenſe or mo- 
tion; which, as it lies hid in the ultimate element 
fabric of the medullary fibres, ſeems to be placed above 
the reach both of ſenſe and reaſon ; but we ſhall, not. 
withſtanding, endeavour to make this as plain as experi 

ments will enable us. And firſt, it 1s demonſtrated, 

| that the ſenſation does not come through the mem- 

| branes from the ſentient organ to the brain, nor that 
motion is ſent through the coverings from the brain in- 
to the muſcle. For the brain itſelf lies deeper than thele 
membranes, and receives the impreſſions of ſenſe, and 


when hurt throws the muſcles into convulſions. More: ed, 
over, it is certain, that the nerves ariſe from the me. at t 
dulla of the brain; the truth of which is manifeſt to the cee 
eye in all the nerves of the brain, more eſpecially in paß 
the ol factory, optic, fourth and ſeventh pair of nerves, the 
which continue their medullary fabric a long way betore wit! 
they put on the covering of the pia mater. con 

CCCLXXIV. We muſt, therefore, next inquire into out 
this medulla, what it is. It is a very ſoft pulp, harder lor 
in inſects and fooliſh animals; but every where ſimilat whi 
to itſelf. It aſfects, however, to be formed into fibres the 


or parallel threads, lying upon one another lengthwiſe. 
That the compoſition of it is fibrous, appears from in- 
numerable arguments; more eſpecially to the eye in 
the corpus calloſum, in the ſtriatum, and thalami of the for 


optic nerves ; but ſtill more evidently in the brains of ſuby 
ö 


5 
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kh, and eſpecially in their thalami optict'®#, Again, 
that the fibres of the brain are continuous with thoſe of 
the nerves, ſo as to form one extended and open conti- 
puation, appears, by obſervation, very evidently in the 
ſerenth, fourth, and fifth pair of nerves. There is a 
great deal of oil in the medulla, upwards of a tenth part 
of its whole weight. 

CCCLXXV. But here a controverſy begins concern- 
ing the nature of this fibril, which with others of the 
like kind compoſes the ſubſtance of the medulla and of 
the nerves. That this is a mere ſolid thread, and only 
watered by a vapour exhaling into the cellular fabric 
which ſurrounds the nervous fibres, has been afferted by 
many of the moderns; but that, when it is ſtruck by a 
ſenfible body, a vibration is excited, which is then con- 
veyed to the brain. | | 

CCCLXX VI. But the phenomena of wounded nerves 
will not allow us to imagine the nervous fibres to be ſo- 
lid. For if an irritated nerve is ſhaken, (and that happens 
aſter the manner of an elaſtic cord, which trembles 
when it is taken hold of,) the nerve ought to be made 
of hard fibres, and tied by their extremities to hard bo- 
dies: they ought alſo to be tenſe ; for neither ſoft cords, 
nor ſuch as are not tenſe, or ſuch as are not well faſten- 
ed, are ever obſerved to tremulate. But all the nerves, 
at their origin, are medullary, and very ſoft, and ex- 
ceedingly far from any kind of tenſion: where they 
paſs through channels, where they are well guarded,. 
they retain the ſame ſoft texture, and are not covered 
with membranes, as in the intercoſtal nerves and the ſe- 
cond nerves of the fifth pair: ſome alſo are ſoft through- 
out their whole length, whatever ſize they may be of; 
lot example, the ſoft olfaQory and acouſtic nerves, from 
which we would moſt readily expect a tremor, as in 


the caſe of ſound. Again, though the nerves are hard, 
1 they 


"24 In no part of the brain does the fibrous nature of the medulla 
more eviJently appear than in the fornix, immerſed in nitrous acid 


for lome continued time; for then I could divide it into the moſt 
(ubtile fibres. 


| 
| 
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they are ſoftened in the viſcera, muſcles, and ſenſoris, 
before they exert their operations. Therefore, the 
nervous fibres cannot . poſſibly tremulate in an elaſtic 
manner, neither at their origin, nor where they are 
tenſe. But the ſame, even in the proper and moſt ff. 
vourable caſes, cannot tremulate; becauſe, through 
their whole length, they are firmly tied to the ſolid 
parts by means of the cellular fabric; for example, the 
nerves of the heart are tied to the great arteries, and to 
the pericardium. Finally, that the nerves are deſti. 
tute of all elaſticity, is demonſtrated by experiments, in 
which the nerves cut in two neither ſhorten nor dray 


back their divided ends to the ſolid parts; but are n. 


ther more elongated by their laxity, and expel their 
contained medulla in form of a protuberance. Apain, 
the extreme ſoftneſs of the medulla in the brain, with 
all the phenomena of pain and convulfion, leave no 


room to ſuſpect any ſort of tenſion concerned in dhe 


effects or operations produced by the nerves. 
CCCLXXVII. Add to this, that the force of an irri- 

tated nerve is never propagated upward, ſo as to con- 

vulſe the muſcles that are ſeated above the place of itti. 


tation. This is a conſequence altogether diſagreeing 


with elaſtacity; for an elaſtic cord propagates its tremors 
every way, from the point of percuſſion to both extre- 
mities. But if neither the phenomena of ſenſe nor mo- 
tion can be explained from the nature of elaſticity, the 
only probable ſuppoſition that remains is, that there is 
a liquor ſent through the brain, which, deſcending from 
thence through the nerves, flows out to all the extreme 
parts of the body; the motion of which liquor, quicken- 
ened by irritation, operates only according to the direc- 
tion in which it flows through the nerve; ſo that con- 
vulſions cannot thereby aſcend upwards, becauſe of the 
reſiſtance made by the freſh alux of the fluid from the 
brain. But the ſame liquid being put in motion in an 
organ of ſenſe, can carry that ſenſation upwards to the 
brain; ſeeing it is reſiſted by no ſenſitive torrent co- 


ming from the brain in a contrary direction. 
3 CCCLXXVII. 
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CCCLXXVIIIL It is therefore probable, that the ner- 
vous fibres, and the medullary ones of the brain, which 


have the ſame nature, are hollow. Nor is the objec- 


tion which ariſes from the ſmallneſs of theſe tubes, not 
viſible by any microſcope, of any force againſt the pro- 
poſed arguments; to which add the abſence of a ſwell- 
ing in a tied nerve, which, in reality, is not ſufficiently 
true; with other arguments of the like kind, which 
indeed ſhow the weakneſs of the ſenſes, but have not 
any validity againſt the real exiſtence of a juice or ſpi- 
nit in the nerves. II they are tubes, it is very pro- 
bable that they have their humours from the arteries 
of the brain. 

CCCLXXIX. But concerning the nature of this ner- 
vous liquid, there are many doubts. Many of the mo- 
derns will have it to be extremely elaſtic, of an etherial 
or of an electrical matter; but the more reaſonable part 
make it to be incompreſſible and watery, but of a lym- 
phatic or albuminous nature. Indeed it is not to be de- 
nied, that we have many arguments againſt admitting 
either of theſe. opinions. An electrical matter is, in- 
deed, very powerful, and fit for motion; but then it is 
not confinable within the neryes, ſince it penetrates 
throughout the whole animal to which it is communi- 
cated, exerting its force upon the fleſh and fat, as well 
as upon the nerves. But, in a living animal, the nerves 
only, or ſuch parts as have nerves running through 
them, are affected by irritation ; and, therefore, this li- 
quid muſt be of a nature that will make it flow through, 
and be contained within, the ſmall pipes of the nerves. 
And a ligature on the nerve takes away ſenſe and mo- 


tion, but cannot ſtop the motion of a torrent of elec- 


trical matters. 


P 3 CCCLXXX. 


There is certainly no phyſiological diſpute, in which, without 
regard tothe parts, a more difficult deciſion can be offered, than that 
22 quettion, How do the nerves act in the bodies of animals? 
The doctrine of the nervous fluid, or animal ſpirits, is confirmed by 
ay Yea drawn from anatomy; but is fully refuted by as 
any, if not more, of a ſimilar nature. But ocular demonſtration 


of 
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CCCLXXX. A watery and albuminous nature is con, 
mon to moſt of the juices in the human body, and may 
be therefore readily granted to the juice of the neryes; 
like the water which exhales into the ventricles of the 
brain from the ſame veſſels; alſo, from the example a 
a gelatinous or lymphatic juice, which flows out in cut 
ting through ihe brain in fiſh, and the nerves of larger 
animals; to which add, the tumour which ariſes in tie 
nerves. But ars theſe properties ſufficient to explain 
the wonderful force of convulſed nerves, obſervablein 
the diſſections of living animals, and even in the leffr 
inſets, with the great ſtrength of mad and hyſterical 
people? Whether or no is not this difficulty ſomewhat 
leflened from the hydroſtatical experiments of attrac-, 
tion in {mall tubes; which although it may explain the 
ſirengih and motion, is nevertheleſs inconſiſtent with 
the celerity ? 
CcCCLXXXI. The nervous liquor then, which is the 
inſtrument of ſenſe and motion, muſt be exceeding) 
moveable, ſo as to carry the impreſſions of ſenſe, or 
commands of the will, to the places of their deſtination, 
without any remarkable delay: nor can it receive Its 
motions only from the heart. Moreover, it is very thin 
and inviſible, and deſtitute of all taſte and ſme]; yet 
reparable from the aliments. It is carefully to be d. 
ſlinguiſhed from that viſible, viſcid liquor exhaling from 
the veſſels in the intervals between the nervous cords. 

CCCLXXXII. That this liquor moves through _ 

rather 


of the nerves proves, that ſuch a fluid under the name, and ſenſe, 
which determines fluids in our bodies, moving in canals and hollow h- 
!tulzz, does not exiſt. However, it is therefore not improbable, thatthat 
!ubltance, which produces the wonderful phenomena in the nerve, in 
one of the claſs of the more ſubtile fluids of nature I pretend oot 
to give it a name. Since 1766, J have been inclined to think, that 
it perhaps reſembles the electrie and magnetical fluids ; fince which 
time, Jong before Miſmer, I publicly tavght the power of megtt- 
tiſm upon our body, For this reaſon the nervous principle bas bees 
in note 67 numbered in the third claſs of fluids. We may exp** 
that this obſcurity will be greatly removed by the very celebrate 
anatomills Drs Monro and Prochaſka, who have extended and d. 
rected their Rudy to the phyſigſogy of the nerves, 


* 
* 
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l rather than through a ſpongy ſolid, we are perſuaded 
y from its celerity, and the analogy of the whole body; of 


which all the liquids, the fat excepted, run through their 
proper veſſels. 


to be certain, that, from the veſſels of the cortex, a li- 
quor is ſeparated into the hollow pipies of the medulla, 
which are continued with the ſmall tubes of the nerves, 
even to their ſoft pulpy cxtremities, fo as to be the cauſe 
both of ſenſe and motion. But there will be a twofold 
motion in that humour ; the one flow and conſtant, 
from the heart; the other not continual, but exceed- 
ingly ſwift, which is excited either by ſenſe or any 
other cauſe of motion ariſing in the brain. 
- CCCLXXXIV. The fame nerves moſt evidently pre- 
fide over both ſenſe and motion; as we cannot admit 
a diſtinction between the two ſyſtems of motory and 
ſenſitive nerves. If ſenſe ſometimes remains after mo- 
tion 1s deſtroyed, this ſeems to be becauſe much more 
ſirength is required for the latter. Dying people hear 
and ſee, when they are incapable of motion. | 
CCCLXXXV. If it be aſked, What becomes of this 
nervous juice, which cannot but be ſeparated and diſtri- 
buted in great abundance, from fo large a quantity of 
blood paſling the brain very ſwiſtly, im compariſon of the 


artery, or by a compariſon with the meſenteric artery ? 
it may be anſwered, It exhales probably through the 
cutaneous nerves; the laſſitude both with reſpect to 
ſenſe and motion, which may be overcome by ſpiritu- 
ous medicines, ſhows that this liquid may be both loſt and 
' Tepaired. Many have judged, that it alſo exhales into 
the various cavities of the body; as that of the ſtomach 
and inteſtines, We may expect ſome part of it to be 
relorbed, that the nobleſt humour of the body may not 
be too quickly diſſipated. That it nouriſhes the body, 
s incredible: It is too moveable to exped adheſion 
| G from 


CCCLXXKXIII. Therefore, upon the whole, it ſeems 


lower moving blood, from whence the milk is ſepa- 
rated in the breaſt, and the urine in the leſſer renal 
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from it: that is the oflice of a flow and viſcid hu. 
mour. 

CCCLXXXVI. But then, what is the deſign of h 
n y protuberances in the brain? what are the part. 
car uſes of the ventricles, nates, and teſtes; with the 
diſtinction of the brain from the cerebellum; and the 
com nunication betwixt one fide of the brain, cerehel. 
lum, and ſpinal medulla, with their oppoſite ſides, by 
ſo many tranſverſe bundles of fibres '**? 

CCCLXXXVII. The ventricles ſeem to be made of 
neceſſary conlequence, and towards the greater uſe and 
diſtinction of the parts. Aud that the corpora ſtriata or 
thalami might keep their medullary parts from cohering 
one to another, it was neceſſary for a vapour to be 
poured betwixt them; and the ſame is true with re. 
gard to the brain and cerebellum. ' Perhaps, likewiſe, 
the neceſſity of adminiſtring a degree of warmth to the 
cloſe medulla of the brain, may be one reaſon for theſe 
cavities, by which the arteries enter, and are diltribu- 
ted in great numbers. Perhaps alſo it was proper, that, 
in the inmoſt parts of the brain, ſmall veſſels only, with 
out any large ones, ſhould enter. We may alſo ſuſpect, 
that the ſoftneſs of the fibres of rhe brain requires ſhort. 
nels in order to ſuſtain their own weight. 

CCCLXXX VII. The uſes of moſt of the protube- 
rances we are not acqainted with, but have them yet to 
learn from diſeaſes, and from anatomical experiments 
made on animals having a brain like that of mankind. 
But, in theſe reſpeQs, we have little hopes of ſuccels, 
in parts that are fo ſmall, ſo deeply, and fo difficulty 
ſituated, and hardly ever to be approached but by a 
wound ſoon fatal. Whether theſe parts are ſo many 
diſtin& provinces in which our ideas are ſtored up, and 
whether this be confirmed by the protuberant — 

0 


195 Theſe queſtions will be anſwered, when the brains of ſeveral 
animals thall have been compared with their functions. The learned 


Sommering has already ſaid much about this ſubject, and Campe 
Ukewiſe in blhes, 
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of the optic nerve, are indeed queſtions. But then moſt 
of theſe protuberances ſend out no nerves at all. 

CCCLXXXIX. As to the internal communication of 
one part with the other by ſtriæ or ducts; that ſeems 
to conduce to the advantage of motion, and probably 
of ſenſe likewiſe. Some of theſe communications join 
the brain with the cerebellum; others join the ſpinal me- 
dulla with the nerves of the brain itſelf, as in the acceſ- 
ſory nerve; and moſt of them join the right and lett parts 
together, as in the anterior commiſſure (CCCXLV,), 
and in the two poſterior (CC C.), in that of the cor- 
pus calloſum (CCC XLII.), in the ſtriæ betwixt a pro- 
ceſs of the cerebellum and teſtes (CCCLIV.); to which 
add the medullary croſs-bars in the medulla oblongata 
and ſpinalis (CCCLV.) For from this ſtructure, it 
ſeems manifeſtly to follow, as well as from number— 
lels experiments and obſervations, that when the right 
ſide of the brain is injured, all the nerves which, on the 
contrary, belong to the left fide of the body, become diſ- 
eaſed or paralytic, and the reverſe, Moreover, by this 
contrivance, nature ſeems to have provided, that, in 
whatever part of the brain any injury may happen, the 
nerve that ariſes from thence is, by this means, not al- 
ways deprived of its uſe. For if the ſaid nerve receives 
its fibres by communicating bundles, as well from the 
oppoſite as from its own hemiſphere of the brain, its 
oſſice may in ſome mealure be continued entire by the 
fibres which it receives from the oppoſite fide, even af- 
ter thole of its own fide are deſtroyed. Accordingly 
we have numberleſs inſtances of wounds, and with a 
conſiderable loſs of ſuſtance from the brain, which yet 
have not been followed with injury to any nerve, or to 
any of the mental faculties. Many other leſs inequa- 
lities, ſtripes, protuberances, and nerve like impreſſions, 
appear in the brain from mechanical neceſſity, with the 
pulſation of the veſſels, and the preſſure or figure of the 
continuous incumbent parts. 

CCCXC. We have before declared, that the nerves 


arc the organs of ſenſe and motion: we ſhall therefore 
pro» 
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proceed firſt to explain that motion before we deſcribe 
the organs of ſenſe; becauſe it is more ſimple, uniform, 
and perpetually exerciſed, even in the fœtus, before any 
of the ſenſes. 


CHAP. III. 
Of MuscuLar Morfox. 
CCCXCI. Mo: in the human body is not per. 


formed by one individual organ, In 

every animal and vegetable fibre, alſo in hair, feather, 
membranes, the cellular texture, and in the humid 
mulcular fibre; in ſhort, in animal and vegetable glu. 
ten; there 18 a contractile power, which both reſiſts the 
lengthening out of its ſubſtance, and, when the extend. 
ing power is taken away, reſtores the fibre to its former 
e; nor does this power ever ceaſe endeavouring to 
bring the elementary particles into the cloſeſt contad 
the mechaniſm of the part can admit. After death, 
even for many days, it does the fame ; ſo that fibres of a 
divided muſcle contract towards each extremity, leaving 
a wide gap in the middle. An artery, when cut, like. 
wife contracts itſelf in length. | 
CC XC I call this force dead, becauſe it continues 
to be efficacious after death, and ſo is different from the 
powers of life. In the living animal indeed it is ſome- 
what briſker: for, both from cold and fear, the ſkin 
is moved, fo that it grows harder, and has its papillz 
erccted, and along with this hardneſs contracts itſelt in 
length. Again, the cellular fibres are animated witi 
this perpetual niſus to ſhorten themſelves, and always 
tend to their own contraction. Hence, when the ſkin 
or any other membrane is extended, as ſoon as tbe 
cauſe of extenſion is taken off, it returns by a gentle 
effort to its former ſhortneſs. But it even ſomewhit 
reſiſts the attempt to perpetual diſtenſion 3 and by 2 
gentle but continual acceſſion of its own elements, pto- 
pels the contained fat or water, or other bodies acc 


dentally introduced. The ſame power allo * 
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mit the excretion of vapour; for the fibres and plates 
of the cellular texture being preternaturally relaxed, 
an immenſe quantity either of fat or of watery humour 
is depoſited in that texture. And this debility ſeems 
to be the principal cauſe of a true dropſy. The ſame 
cauſe being always efficacious, and at work in the 
heart, joints, and every where throughout the body of 
the embryo, brings into nearer contact the arteries, au- 
ricles, and ventricles; produces flexures; and contracts 
the heart, when in a manner diſſolved into a cone. The 
ſame, by an unknown or hidden power, ſeems to form 
the ſhape of moſt parts of the human body; and while 
it expels the gluten received into the cells, brings the 
terreſtrial particles nearer to one another, and gives 
the proper ſolidity, curvature, and ſituation, to the dif- 
ferent parts. 

CCCXCII.. It is the nature of this power to act con- 
tinually by a gentle but uninterrupted effort. It is com- 
mon for it alſo to be excited by poilons, in every wcme 
braue, fibre, and cellular texture; but never by cutting 
or puncturing with an iron inſtrument. Theſe are the 
known properties of the red muſcular fibre. The 
ſtructure of this fibre, then, it is now ncceſſary for us to 
conſider. ' 

CCCXCIV. By the name of muſcular fibres in the hu- 
man body, we call bundles of reddiſh-coloured threads, 
which perform all the motions of which we are ſenſible. 
When many of theſe fibres are collected together, and 
appear more evidently red, they are called a muſcle. 
The extreme ſimplicity of the fabric in theſe parts has 
been the cauſe of the obſcurity that prevails in under- 
ſtanding how a ſmall, ſoft, fleſhy portion, can produce 
luch ſtrong and ample motions as we ſee in man, but 
more eſpecially in the cruſtaceous inſects. 

CCCXCV. In every muſcle we mect with long ſoft 
threads or fibres, ſomewhat elaſtic or extenſible, and al- 
molt conſtantly diſpoſed parallel with each other ; and 
theſe, being ſurrounded with a good deal of cellular 
lubſtance, are by that faſtened together into little bun- 


dles. 
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dles. Thoſe bundles, called /acertuli, are again tied tg. 
gether into larger bundles, by a more looſe cellular ne. 


work, which contains ſome fat; and betwixt theſe ye 


conſtantly perceive membranous partitions and ſtri 
of the cellular ſubſtance removing them farther fron 
each other, till at laſt a number of them combined to. 


| gether in a poſture either parallel or inclined'”, yy 


ſurrounded with a more thin and denſe cellular mem. 
brane, continuous with that of their partitions; and thi 
being again ſurrounded by a thicker plate of the celly. 
lar ſubſtance, externally parts the whole from the adh. 
cent fleſh, and gives it the denomination of a ngle or 
entire muſcle. In every one of theſe threads there ap. 
pears a leſſer ſeries of filaments, which, by oblique ex. 
tremities, are cemented to others of the ſame kind, form. 
ing together a larger fibre. | 
CCCXCVI. The generality of the muſcles, but more 
eſpecially thoſe which are inſerted into the bones, and 
fuch as are preſſed ſtrongly by other fleſhy incumbent 
parts, do not conſiſt of fibres altogether of one kind. 
For the fleſhy fibres (CCCXCV.) being collected toge. 
ther, cauſe the muſcle to be thicker in the middle, 
which is called its belly : and the ſame fibres degene. 
rating by degrees obliquely at each end of the muſcle 
into a more ſlender, hard, and ſhining ſubſtance of a 
ſilver colour, in which meeting cloſer together, the cel. 
lular ſubftance interpoſed is thinner, ſhorter, and painted 
witheewer veſſels; they then become indolent and cit- 
ficultly irritable, and receive the denomination ot 2 
tendon, by being collected together into a round lender 
bundle; or elle, if it expands into a broad flat ſurface, 
it is called an aponeurofis. The cellular texture which 
ccvers the whole tendon is called its vagina or ſheath, 
and reſembles the coat of a muſcle. For that the fleſhy 
fibres truly change into ſuch as are tendinous, is c. 


dent from comparing a foetus (in which there are ver) 


t ſew 


707 Swammerdam, Lyonet and Roeſel, have elegantly painted 
this ſtructure in frogs and palmers, which Leewenhoeck, Copen 
Muyſe, and Proſchaſka have ſhown in man. 
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few tendons) with a child of ſome years growth, in 
which there are many more; and both with an adult or 
old perſon, in which are the greateſt number“. Muſ- 
cles, which are not inſerted into any of the bones, have 
commonly no tendons, as the ſphinQers and muſcular 
membranes of the viſcera and veſſels. But thoſe com- 
monly end in long tendons, which are required to pals 
round the joints and heads of the bones, to be inſerted 
in thoſe extremities which are more moveable. In a 
{xtus the muſcles are evidently inſerted into the peri- 
oſteum only; but in adults, where the perioſteum is 
more cloſely joined with the bone itſelf, the tendons, 
being confuſed with the perioſteum, pals together with 
that even into the foveoli of the bone. 

CCCX CVIL. The tendinous fibres indeed often lie in 
2 ſtraight line with the fleſhy ones, and are as it were 
2 continuation of them. But it is not at all rare for the 
fleſhy fibres to be obliquely inclined to the tendon, and 
to adhere to it, as the tendon itſelf grows thicker in 
its progreſs by continually receiving new fibres. This 
is called @ fendinous muſcle, Other tendons lie in the 
middle betwixt two plates of fibres, forming an obtuſe 
angle with one another, at irregular diſtances, in their 
deſcent. There are inſtances of numerous tendons 
pennated in different places formed into one muſcle. 
There are alſo other methods by which the tendinous 
fibres are joined with the fleſhy ones. | 

CCCX CVIIL. Within the cellular tunic, that ſurrounds 
the fibres, the arteries and veins are ſubdivided into net- 
works, which commonly form right angles, run in com- 
pany, and moſtly contiguous with each other; and from 
the ſmaller of theſe veſſels a vapour is exhaled into the 
thinner cellular ſubſtance, as the fat is alſo transfuſed into 
the thicker cellular ſubſtance ; from whence again they 
are both abſorbed. The lympthatic veſſels, which run 


be- 


'*3 Many tendons are found in a fetus, which could not aſſume 
this nature by muſcular action; as the tendo- Achillis, aponeuroſis 


plantaris, centrum diaphragmatis, &c. Read the like opinion in 
Moſcate, Atti di Siena, Vol. IV. 
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het wixt the muſcles of the tongue, with thoſe of the neck 
face, and limbs, are difficultly demonſtrated”, But 
there are alſo nerves more numerous than in other pat 
diſtributed together with the blood-veſlels throughout the 
cellular fabric of the muſcle ; which nerves, howeyer, 
depoſite their harder covering, and become ſoft, and 
diſappear before they can be traced to their ultimate 
extremities. Thoſe enter the muſcle in many parts, 
without keeping to the ſame place or fituation. In the 
tendons they cannot be demonſtrated. Nor are there 
any nervous fibres inveſting the muſcular bundles ot 
portions,, ſo as to conſtringe them; for they, who hare 
ven ſuch a deſcription, have ſeen nothing but the 
cellular ſubſtance. x. | 
CCCXCIX. The fabric of the leaſt fibre, which is a 
the clement of a muſcle, being inveltigated by the micro. 
ſcope in man and other animalsgthas always appeared 
ſimilar to the fabric of the lay{bbres ; nor do they 
yield any other appearance; which we can rely, 
than that of the leaſt threads ed one to the other 
by the intermediate cellular ſub{athiee. There is, there. 
fore, no foundation here for a ſeries of veſicles, nor for 
a chain of rhombs. It may be aſked, whether theſe 
fibres are hollow, whether they are continued with the 
« T ar- 


109 The lymphatie veſſels, even of the joints, are now to be reckoned 
among the conſtant veſſels. I have obſerved a broad net - work run- 
ning from the carpus and palm of the hand, in the infide of the arm, 
in the duct of the veins following the radius and ulna, towards the 
bend of the fore-arm, in two trunks, joined by various intermediate 
rami; into which net-work run ſome branches from the outfide of 
the cubit and arm: they run in a manifold net-work upon the bend 
of the fore arm and infide of the humerus, till by two or three 
trunks they arrive at the axillary glands, and mix with the ſubca- 
vian plexus. In the inferior extremity, I could render viſible ſeveral 
of theſe lymphatic veſſels, in three or four trunks upon the leg, and 
one on the inſide of the foot, going to the ham; then in a fev 
trunks, the number various, they run up from the net-work of the 
ham, around the inſide of the thigh, in the duct of the vena ſaphena, 
and are loſt in the inguinal plexus and glands there fituated ; and 
at laſt a greater plexus cuters the abdomen along with the cru: 
veſſels. The ſame veſſels have been ſeen by Hewſon almoſt in ao! 
lar diſpoſition. 
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arteries, or whether the difference betwixt muſculat and 
tendinous fibres lies in the latter being rendered mare 
denſe and beat cloſer together by an expulſion of the 
fluids? That theſe are not probable, appears from the 
minuteneſs of the fibres, which are found leſs than the 
red-blood globules, and from the whiteneſs of a mulcle 
after the blood is waſhed out of it; to which add the 
phyſiological reaſons following, (CCCCXI.) And, in 
general, more ſtreagth may be expected from a ſolid 


fibre. 
CCCC. A muſcle therefore is endowed at leaſt with a 


threefold force. Virit, the dead one, in common to it 
with 


110 Theſe three noted claſſes of animal powers, elaſticity, irrita- 
bility, and ſenſibility, have been and are yet too much confounded, 
although it is no difficult taſk to diſtinguiſh theſe aſſections of the 
fibres from one another. The force and nature of elaſticity, poſſeſſed 
by the fibres, which, only in different degrees, pervades all parts 
without exception, was fully known to Bellini, Baglivi, Stahl, 
Pacchioni, Juncker, &c. This power, known to Stahl's followers 
under the appellation of tone, has no ſimilarity to irritability, ſenfi- 
bility, and vital power, ſo called: it does, however, either alone 
perform the actions of the animal and vegetable body, or adds 
firength and vigour to them; the former is manifeſt in the motion of 
the ribs and cartilages, and the latter in the conſtriction of the 
vterus, veſſels, and membtanes. It by no means obeys the laws of 
life alone, but may endure long after death ; it is not deſtroyed com- 
pletely but by putrefaCtion alone. During life it is diminiſhed by 
rarious cauſes, and again reſtored by ſeveral remedies, Irritability, 
which Haller thought exiſted in the fibres of the muſcles alone, in 
name indeed but not in reality, and which was known to Gliſſon, is 
a new genus of animal power; nor does the word «gaovy of Hippo- 
crates, fignify the ſame thing. It is almoſt proved, from the experi- 
ment of Lups, Haller, Fontana, Hoffman, and ſeveral others, that 
it is different from elaſticity in its riſe, duration, ſeat, cauſes, eſſect, 
and phenomena. I ſhall add a few remarks : 1. It is moſt power- 
ful in the muſcular fibres of the whole body, but not equally 
diſperſed through all; more powerful in the heart, muſcles of reſpira- 
tion, and inteſtines; becomes gradually weaker among the voluntary 
muſcles, and perhaps, in a trivial degree, in the veſſels, membranes ; 
but always ſome however exiſts, as appears from the doubts offered 
by Whyte, De Haen, Van Doeveren, &c. to which Haller in part, and 
alſo the learned Cigna, have anſwered. 2. The phenomena of irri- 
tability and the irritation, themſelves, by which thoſe are produced, 
tre, not always the ſame: For in ſome it advances in a regular _ 

* that 
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with other animal fibres. Another, which we have call. 
ed the vis inſita, and which has different phenomena 
from the former. For it is more proper to life, and the 
firſt hours after death, and diſappears much ſooner than 
the dead one. Again, in moſt caſes, it acts by alternate 
oſcillations; ſo that, being driven hither and thither, it 
ſometimes contracts the muſcle towards the middle: 
ſometimes again it extends the muſcle from the middle 
towards the extremities, and ſometimes alſo it hasa re. 
iterated mqtion. Moreover, it is manifeſtly quicker, and 
performs the greateſt motions; the dead force, only 
ſuch as are ſmall and not eaſily obſerved. It is excited 
voth by the pricking of an iron inſtrument, and in the 
hollow muſcles by inflated air, by water, and eve 
kind of acrimony, but moſt powerfully of all by a tor. 
rent of electrical matter. Laſtly, it is proper to the 
mul- 


that almoſt from any irritation you will always- obſerve a manifeſt 
irritability : this; is almoſt the caſe in all the muſcles. In many 
other parts you fee the greateſt inconſtaney and a very irregular 
effect, as it will be one thing one day, another thing another day, 
now increaſed, now diminiſhed, one time yield to, another time refitt, 
the irritation : all which is evident in the ſkin, viſcera, veſſels, and 
iris. 3. The learned pathologiſts Eller, Tiſſot, Gerhard, have 
long ago acknowledged the very great riſe of the doctrine of irrita- 
bility. It would be of much importance to know well the remedies, 
whether they be medicines, or remedies from diet or otherwiſe, 
which particularly conduce to excite irritability if it is languid, or 
to diminiſh it if it is too great. Opium, and the other narcotics 
camphor, Spaniſh flies, acrid poiſons, bark, the electric ſhock, 
ſhow a clear influx of animal ſpirits in the production of irritability. 
4. That it is different from the faculty of feeling, and therefore by no 
means to depend upon the nerves, appears partly from other reaſons, 
partly from the irritability of vegetables. Though I even wiſh to 
take into account ſome phenomena of the dionæa muſcipula, according 
to Ellis's obſervations, or of the ſenſitive plant or certain antherz, 
I would be averſe to compare this contractile power of ſome parts of 
vegetables with irritability ; for what makes the particular character 
of irritability, the internal tremor of the conſtituent parts, is wanting 
in all vegetables; we ſee contraction and motion alone, which are 
alſo obſervable in other elaſtic bodies, where we ſuppoſe no itrits- 
bility to exiſt, The power of the nerves over irritability, the di. 
rection of the ſoul over muſcular motion, although they renJer it vet} 


probable, I, however, refer it to*irritations alone. The A 
| 0 
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muſcular fibre, and is found in no other part of the 
human body with the qualities abovementioned. But 
we muſt give a more particular explication of its phe» 
nomena- | | | 

CCCCIL. It is natural to every muſcle to ſhorten itſelf, 
by drawing the extremities towards its belly or middle. 
But to diſcover the moving power of a muſcle from the 
fabric which we have deſcribed, it will be of uſe to 
conſider the appearances obſervable in the muſcular 
contraction, Every muſcle then becomes ſhorter and 
broader in its action. But this contraction of its length 
is various; in ſome more, in others leſs; and is very 
conſiderable, for example, in ſome of the ſphincters, in- 
ſomuch that they appear to be contracted more than 
one third of their extent, though this computation be 
taken from an erroneous hypotheſis. 

CCCCII. The inteſtines are exceedingly tenacious of 
their vis inſita, as they continue to contract themſelves 
lodg after they are taken out of the body, and even at- 
ter they are cold. The heart is even more tenacious 
than theſe, if you conſider all things; as is moſt evident 
in a young chicken, and in cold animals. Different 

VoL. I. 0 muſ- 
feeling, dependiog ſolely upon the nerves, although it bas been re- 
— as one and the ſame thing with irritability, has been more 

ronply oppoſed by Haller's opponents, De Haen, Whyte, Le Cat, 
Gerhard, &c. than irritability itſelf. But that ſenſibility of parts 
is io be referred both to the various quantity of the nerves, their 
btuation and condition, according to Haller's and Caſtell's experi- 
ments, and to the various violence of irritation and nature of the 
irritatipg or offending body, ſa that they may be at times more or 
lels painful; and at others, as Haller thinks, they may be altogether 
inſenfible. I ſhall not repeat what has often been objected to, that a 
greater pain having preceded, abſorbs a leſs pain following; as we do 
not feel the taſte of a drop of wine if we have taken a very {mall 
quantity of rectißed alcohol upon the tongue a little before. It 
cannot however be denied, that in inflammatory diſcaſcs, affect ions 
of the mind, and other cauſes, it may happen, that hurt parts may 
now feel, which, under any other condition, may ſeem to be inſea- 
lible. The vital power of certain learned men of later times, as 
Vanden Bos, Bikker, Gaubius, Albinus, &c. rather ſeems com- 
pounded of all the animal powers comprebended together ; which 


opinion, except in ſome minutiæ, the great Boerhaave and Simpſon 
bave more exactly adapted. | | 
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muſcles are beſt excited into action by different ſtimy, 
h; as the bladder by urine, the heart by the blood, and 
the inteſtines by air. Though the nerves are removed 
or the connection, made by them between the muſcle. 
and the brain, cut off, the muſcles loſe but little of their 
irritable nature. Tt appears alſo from the example 
polypi and other inſects, that the ſame irritable diſpoſ. 
tion extends very widely through the animal fibre, 
Theſe creatures have neither brain nor nerves, yet are 
exceedingly impatient of ftimulus. Laſtly, we may 
gather this from the affinity of plants: of which very 
many flowers and leaves open or contract according tg 
the various degrees of heat and cold, ſome even very 
quickly: ſo that they are nothing inferior in- this reſpect 
to animals. Neither does this depend upon weight, a- 
traction, or elaſticity, ſeeing it is ſeated in a ſoft fibre, 
and vaniſhes when the ſame grows hard. 

CCCClII. But that the caufe of motion is conveyed 
through the nerves into the muſcles, is certain from the 
experiments before mentioned (CCCLXVII. et ſeq.) 
For the nerve alone has feeling; this alone carrics 
the commands of the foul; and of theſe command; 
there is neither intimation nor perception in that part, 
whoſe nerve is either tied or cut, or which has no nerve. 
Moreover, on irritating the nerve or ſpinat martow, 
even in a dead animal, the muſcle or muſcles which 
have nervous branches from thoſe parts are moſt vehc- 
mently convulſed. When the nerve of any muſcle is 
cut or tied, or the baſis of the ſpinal marrow comprel- 
ſed, or that part of the brain trom whence the nerve 
has its origin, the muſcle becomes paralytic, and lan- 
guiſhes, and cannot by any force be recalled into ac- 
tion fimilar to the vital one. But if the ligature be ta- 
ken off from the nerve, the force by which the mulcle 
is put into action is again recovered by it. The neue 
being irritated below the place where it is cut, the 
muſcle to which that nerve goes is contracted, This 
appears from numerous experiments, eſpecially those 
made on the phrenic and recurrent nerves. 
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CCCCIV. This force is not the ſame with the vis 
"ita, The former comes to the muſcle from without; 
whereas the other reſides conſtantly in the muſcle itſelf. 
The nervous power ceaſes when life is deſtroyed; af- 
ter which the other, from certain experiments, appears 
to remain a long time: it is alſo ſuppreſſed by tying a 
ligature upon the nerve, by hurting the brain, or by 
drinking opium. The vis inſita ſuffers nothing from all 
theſe: it remains after the nerve is tied; and continues 
in the inteſtines though taken out of the body, and cut 
in pieces: it appears with great ſtrength in ſuch ani- 
mals as are deſtitute of brain: that part of the body is 
moved which has no feeling; and the parts of the body 
feel which are without motion. The will excites and 
removes the nervous power, but has no power over the 
v1 inſita. 

CCCCV. In the motion of the muſcles, whether ow- 
ing to the vis inſita or the nervous power, the fibres 
- are contracted towards the middle of their belly, and re- 
cede from one another outwards : they are allo diverſi- 
fed with various tranſverſe wrinkles : the whole muſcle 
alſo becomes ſhorter, and draws its extremities towards 
the middle; hence it draws towards each other thoſe 
parts with which it was connected, in the reciprocal ra- 
tio of their ſtrength: the muſcle alſo ſwells by its con- 
traction, becoming hard at the ſame time, and as it 


were increaſes its circumference on every fide. I have 


never obſerved it to turn pale. Whether on the whole 
it is increaſed in bulk, or acquires more in breadth than 
it loſes in length, is difficult to be known. It draws af- 
ter it the tendons, which are obſequious to its motions, 
though of themſelves neither moveable nor irritable. 
Ihe whole muſcle is alſo capable of being moved at 
once, or only a part of it: if one extremity is fixed to 
an immoveable part, that only is moved which |s ca- 
pable of yielding. | 

CCCCVI. If it be demanded, Whether the arteries 
conduce'any thing to muſcular motion? and whether 
the palſy, which falls upon the lower limbs after a liga- 


Q 2 ture 


4 


236 MUSCULAR MOTION. Ch. Xl. 


ture upon the aorta, be not an argument thereof? ys 
anſwer, Not at all, further than as they conduce to the 
integrity of a muſcle, or to the conſervation of the my. 
tual ſtructure and habit of the parts, which they ſupply 
with vapour, fat, &c.: for the irritation of an arte 
does not affect or convulſe the muſcle to which it be. 
longs ; nor does a ligature thereof cauſe a palſy, unlef 
aſter a conſiderable time, when the muſcles begin to be 
deſtroyed by a gangrene. Moreover, it is impradi- 
cable to explain the motion of peculiar muſcles from a 
cauſe derived with an equal force from the heart to all 
parts of the body. Laſtly, the influence of the will is 
confined to the nerves, without reſiding in the arterie 
or other ſolid parts of the body. | 
CCCCVII. But the direct manner by which the nerve; 
excite motion in the muſcles, is ſo obſcure, that we may 
almoſt for ever deſpair of its diſcovery. And firſt, con- 
cerning the vis infita, we do not indeed inquire; as 
this ſeems to be a more briſk attraction of the elemen- 
tary parts of the fibre by which they mutually approach 
each other, and produce as it were little knots in the 
middle of the fibre. A ſtimulus excites and augments 
this attractive force, which is placed in the very nature 
of the moving fibre. 'The other explanations are hy- 
potheſes. As to nervous veficles ſwelling by a quicker 
flux of the nervous ſpirits, they are inconſiſtent with 
anatomical truth, which demonſtrates the leaſt viſible 
fibres to be cylindrical, and in no part veſicular ; and 


likewiſe repugnant to the celerity with which muſcular 


motion is performed, and with the bulk of a muſcle 
being rather diminiſhed than increaſed duting its ac- 
tion. Again, the inflation of rhomboidal chains in the 
fibres is equally repugnant to the celerity, to inſpection, 
and to anatomy; they would-alſo occafion an immenſe 
walte of ſtrength, and after all render the muſcle but 
little ſhorter. The nerves want that irritable nature 
which is obſerved in the muſcular fibre. Finally, it 1 
by no means demonſtrable, that the fibres, from ſofev 
nerves, can be ſo numerous, or diſtributed in ſo many 
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different tranſverſe directions, with freſpe& to the muſ- 
cular threads, as thoſe hypotheſes require to be allowed. 
A complication of the nerves round the extremities of 
fibres, ſo as to contract them by their elaſticity, is 
founded upon a falſe ſtructure of the muſcular fibre, 
ſuppoſing the nerves to be diſtributed, where filaments 
of the cellular ſubſtance only can be demonſtrated. 
Moreover, the phenomena of animals, which, baving 
neither brain nor nerves, are yet very apt for motion, 


apparently demonſtrate the intrinſic fabric of the mul- 


cles tobe ſyfficient for their motion, without other aſ- 
ſiſtance from the nerves. Other explanations, derived 
from ſpherules full of air in the blood, ſuppoſe a falſe 
nature of that fluid; namely, a repletion of it with ela- 
{tic air, of which it has none, (CCLXXXI.) The ani- 
mal ſpirits/are not of the nature of an electric torrent. 

CCCEVL. If we may add any thing to theſe pheno- 
mena, you may ſuppole the nervous liquor to be of a 
ſtimulating nature, by which means it forces the ele- 
mentary particles of the muſcular fibre to approach 
nearer to each other. The motive cauſe which occa- 
fions the influx of the animal ſpirits into the muſcle ſo 
as to excite it into action, ſeems not to be the foul, but 
a law derived immediately from God. For animals 
newly born, or newly transformed, without any at- 
tempt, or exerciſe, know how to execute compound 
motions, very difficultly to be defined by calculation. 
But the ſoul learns thoſe things which it does, very flow- 
ly, imperfectly, and by making experiments. That 
mulcle then is contracted which in a given time receives 
more of the nervous fluid, whether that be occaſioned 
by the will, or-by ſome irritating cauſe ariſing in the 
brain, or applied to the nerve. 

CCCCIX. But, though you may conjecture the ſoul 


to be the cauſe of the nervous motion, you cannot do 


the ſame with regard to that ariſing from the vis inſita. 
The heart and inteſtines, alſo the organs of generation, 
are governed by a vis inſita, and by ſtimuli. Theſe 
powers do not ariſe from the will; nor are they leſſen- 
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ed, or excited, or ſuppreſſed, or changed by the ſome 
No cuſtom nor art can make theſe organs ſubject to the 
will, which have their motions from a vis inſita: ng 
can it be brought about, that they ſhould obey the com. 
mands of the foul, like attendants on voluntary motion, 
It is ſo certain that motion is produced by the body a. 
lone, that we cannot even ſuſpect any motion to ari{ 
| from a ſpiritual cauſe, beſides that which we ſee is occa- 
[ ſioned by the will; and, even in that motion which i; 
occaſioned by the will, a ſtimulus will occaſion the 
greateſt exertions, when the mind is very unwilling, 
| CCCCX. There ſeems to be this difference between 
j the muſcles obeying the will, and thoſe which are go. 
verned by a vis inſita; namely, that the latter, being 
| more irritable, are very eaſily excited into moſſon by 
| gentle ſtimulus; as for inſtance, the heart and inte- 
jitines; which organs are moſt manifeſtly, and great), 
and conſtantly, irritable. On the other hand, the 
muſcles which obey the will, are neither endowed with 
ſo great nor ſo durable a power of this kind. Hence, 
they either ſtand in need of the power of the will, or a 
ſtronger ſtimulus; by which, indeed, when they ate 
excited, even theſe are animated to motion againit the 
will. Thus it happens, that, in apoplexies, the mu- 
ſcles which obey the will languiſh, and become paraly- 
| tic, as being deſtitute of all influx from the brain; while 
| the vital muſcles, having no occaſion for the operation 
of the brain, continue to be excited into contraction by 
their ſtimuli, the heart by the blood, and the inteltines 
by the air and aliments. - 

CCCCXI. The ftrength of this action in the muſcles 
is very conſiderable in all perſons, but more eſpecially 
in thoſe who are phrenetic, and ſome who are called 
ſtrong men; ſince frequently, with the uſe of a fev 
muſcles only, they will raiſe a weight equal to, or much 
greater than, that of the whole human body itſelf. For 
even in one who is in his ſenſes, very lender muſcts 
ſuffice to elevate 200 or 390 pounds. The muſcles 0 
the back will even ſuſtain 3000, Notwithſtanding tis, 
9 . 
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we ſee, that much the greater part of the force or 
power exerted by a muſcle is always loſt without pro- 


ducing any viſible effect. For all the muſcles are in- 


ſerted nearer the point or centre of motion, than the 
weights they are applied to; and therefore their action 
is weaker, in the ſame proportion as they move a ſhort- 
er part of the lever than that to which the weight is 
applied. Moreover, in moſt of the bones, eſpecially 
thoſe of the limbs, the mulcles are inſerted at very acute 
angles; whence again the effect which a muſcle exerts 
in action, is proportionably leſs as the fine of the angle 
intercepted betwixt the bone and the muſcle is leſs than 
the whole fine, Again, the middle part of all muſcu- 
lar force is loſt, becauſe it may be reckoned as a cord 
extended, and drawing an oppoſite weight to its fixed 
point. Again, many of the muſcles are ſeated in the 
angle of two bones, from one of which ariſing they 
move the other ; and therefore, that bone being moved, 
they are bent, and of courſe, like an inflected cord, re- 
quire a new force to extend them, Many of them paſs 
over certain joints, each of which they bend in ſome de- 
gree, whereby a leſs part of their remaining force goes 
to bend the joint to which they are particularly deſti- 
ned, The fleſhy fibres themſelves of the muſcles fre- 
quently intercept angles with the tendon in which they 
terminate; from whence a great part of their force is 
loſt, as much as is equal to the difference or deviation 
betwixt the fine of the angle of their inſertion and the 
whole fine. Finally, the muſcles move their oppoſed 
weights with the greateſt velocity and expedition, ſo as 
not only to overcome the equilibrium, but likewiſe to 
add a conſiderable celerity to the weight. 

CCCCxXII. All theſe loſſes of power being computed, 
make it evident, that the force exerted by muſcles in 
their contraction, is exceeding great beyond any me- 
chanical ratio or proportion whatever; ſince the effect 
is ſcarce one · ſixtieth of the whole force exerted by the 
muſcle, and yet only a ſmall number of theſe muſcles, 
weighing but a few pounds, are able not only to raiſe 
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fome thouſands of pounds, but alſo with a conſiderabie 
celerity. Nor is this to be reputed any defect of yi. 
dom in the Creator: For all thoſe lofles of power were 
neceſſary towards a juſt ſymmetry or proportion of the 
parts, with the various motions and celęrities required 
by the muſcles to act in different directions; all which 
circumſtances bear a relation to the mechaniſm of com. 
pound engines. But we may, however, conclude from 
hence, that the action of the nervous or animal fluid i; 
very powerful, ſince, in an engine fo ſmall, it can exer 
a force equal to fome thouſand pounds for a confiderab te 
time, or even for many days together; nor does thi; 
ſeem to be otherwiſe explicable, than by the incre. 
dible celerity by which the influx of this fluid obeys tle 
command of the will. But how, or whence it acquires 
ſuch a velocity, is not in our power to ſay; it is ful. 
cient, that we know the laws of its motion are ſuch, 
that a given action of the will produces a new and 
determinate celerity in the nervous fluid. 
CCCGXIII. The eaſy and ſudden relaxations of 
mulcles in their motion are aſliſted by the actions of their 
antagoniſt mulcles. Namely, in all parts of the body 
every muſcle is counterpoiſed by ſome weight, elaſtic, 
an oppoſite muſcle, or a humour acting againſt the ca- 
vity of a muſcle, by which it is expelled. This cauſe, 
which is a vis inſita, continually operates as long as the 
muſcle acts; and ſo ſoon as the additional celerity de- 
rived from the brain abates, it reſtores the limb or other 
part immediately to its former eaſy ſtate, in which there 
is an equilibrium betwixt the muſcle and its oppoling 
cauſe, Whenever the antagoniſt power is removed 
from the muſcle, there are none of them but mult con- 
tract, extending their oppoſites, by which the diſtenc- 
ed nerves excite an unealy ſenſe, and cauſe a ſtronger 
endeavour towards recovering the equilibrium. Hence 
one of the flexor muſcles being cut in two, the exten. 
{or operates even in a dead body; and the reverle. 
CCCCXIV. But there are other means, by which ti: 
motions of the muſcles are rendered more ſafe, certall 
and eaſy, The large long muſcles, by which the great 
| cr 
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ee motions of flexure are performed, being included in 
tendinous Capſules or caſes, drawn and tightened by o- 
her muſcles, are thus ſecured and ſtrengthened ; for ſo 
the muſcle remains preſſed againſt the bone, in a ſtate 
of contraction, all the time that the limb is bent, and 
avoids a conſiderable loſs of its power. But the long 
ſendons, Which are incurvated or extended over joints 
in their motion, are received and confined by peculiar 
bands, which retain them within their ſlippery channels, 
aud keep them from ſlipping out under the ſkin; which 
(location of the tendon, whenever it happens, is at- 
ended with a cramp of the muſcle, ſeyere pain, and loſs 
of motion; and in theſe ſheaths a particular liquor is 
ſeparated for the lubricating of the tendons. 'The ſame 
kind of care we obſerve taken by nature in the caſe of 
muſcles which perforate others in their courſe. In 
other parts, the tendons are either carried round cer- 
tain eminences of the bone, in order that. they may 
be inſerted at greater angles into the bone which 
they move; or elſe they are inſerted into another 
bone, from whence a different tendon deſcends under 
a larger angle into the bone to be moved. In other 
parts, the muſcles which are derived from convenient 
lituations, have their tendons carried round in a con- 
trary direction by nature, ſo that they paſs into the 
part to be moved as it were round a pully. Nature has 
likewiſe ſurrounded the muſcles on all ſides with fat, 
which 1s ſpread alſo betwixt their bundles of fibres and 
the ſmall fibres themfelves which lie contiguous : which 
tat, being preſſed out by the turgeſcence of the muſcles 
and fibres, renders them ſoft, flexible, ſlippery, and fit 
tor motion. 

CCCCX VI. Moreover, the power and action of one 
mulcle is determined by the co-operations or oppoſi- 
tons of others, which ſerve either to hold firm ſome 
part from whence the muſcle ariſes, or to bend it toge- 
ther with the muſcle, or elſe to change its action from 
the perpendicular to the diagonal, by concurring to aſ- 
lt its force at the ſame time. The muſcles alſo aſſiſt 
one another, even thoſe which are ſeparated at a conſi- 
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derable diſtance, the firſt keeping the bone firm Which 
is not to be moved, out of which the ſecond arif. 
Therefore, the action of no one muſcle can be und. 
ſtood from conſidering it alone; but all the others mut 
likewiſe be brought into the conſideration, which a7. 
either inſerted into the muſcle itſelf, or into any of the 
parts to which the ſaid muſcle adheres. 

CCCCAVII. By theſe muſcles, variouſly conſpiring 


and oppoſing each other, are performed walking, ſtand. 


ing, flexion, extenſion, deglutition, and all the other 


geſtures and offices of the ſeveral parts in the living hy. 
dy- But the muſcles have likewiſe ſome common or 
public actions, by which they are of uſe to the who! 
animal. They haſten the return of the venous blood, 
by preſſing it out both from the veins of the mule 
themſelves and from the veins which! lie hetwixt them; 
for the blood in theſe veſſels, diſtributed betwixt the 
turgid bundles of a contracted muſcle, is, by the valve, 
determined towards the heart only: they likewiſe re- 
turn the fat to the blood; and ſhake, grind, or conden: 
the arterial blood, and return it quicker to the lung. 
Again, in the liver, meſentery, womb, &c. they pro- 
mote the courle of the contained blood, bile, and other 
Juices, ſo as to leſſen the danger of their ſtagnation: 
they ſerve allo to increaſe the ſtrength of the ſtomach, 
by adding their own ſtrength to it, whereby digeſtion 
is promoted; inſomuch that all ſedentary and inaQive 
courſes of life are contrary to nature, and pave the way 
to diſeaſes from a ſtagnation of the humours, or from 
a corruption or crudity of the aliments. The large 
muſcles, which are generally placed round any of the 
cavities of the body, propel the blood contained in that 
cavity, and preſs it towards the heart, But by too 
much exerciſe or action, the muſcles themſelves gros 
hard and tendinous on all ſides; render the parts upon 
which they are incumbent cartilaginous, or elſe change 
thoſe which are membranous into a bony nature; in. 
creaſe the roughneſs, protuberances, and proceſſes, 


the bones which lie next to them, and excavate ther 
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fat parts; dilate the cells ſeated in the diploe, and bend 
the bones towards theſe parts. 

CCCCX VHI. The muſcle which the ſtimulus has cea- 
ſed to irritate, or for the action of which the mind has 
no occaſion, is relaxed, and grows ſoft; its wrinkles 
are filled up, and grow plain; its fibres are rendered 
longer, receding from the middle towards the fixed ex- 
tremities ; and its ſwelling falls. Whatever is the cauſe 
of additional contraction is then taken away; but that 
remains, without which the muſcle never 1s, as long as 
it is alive. Nor is this the work of an antagoniſt muſcle, 
although it may be aſſiſted by it. It may be aſked, 
What becomes of the ſpirit that is ſent forth from the 
brain? A part of it perhaps exhales; I ſuſpect a part 
to adhere to the fibre; and thus it happens, that the 
muſcles grow ſtrong with exerciſe, and their brawny 
parts become thicker, | 


EH II; 
Of the Senſe of Toucn. 


CCCCXIX. HE other office of the brain and nerves 

is to feel; that is, to ſuffer a change 
from the actions or impreſſions of external bodies, and 
thereby to excite other correſponding changes or repre- 
ſentations in the mind. We ſhall therefore firſt lead 
our examination to each of the ſenſes in particular“; 


and 


It is a commonly received opinion that there are five ſenſes ; 
becauſe ſo many different places of the body, which they call organs 
ef ſenſe, are affected by a like number of bodies acting upon us. 
The ſkin is affected by the action of the bodies that touch it, the 
taſte by ſapid bodies, the noſtrils by odorous bodies, the ears by ſo- 
norous bodies, and the eye by light. Does this diviſion and diſtinc- 
tion of the ſenſes into five perfectly coincide with nature? Whoever 
will conſider, that the different tempers of the air, whether they 
depend on its changed elaſticity or upon its abundance or defect of 
*leQric matter, or upon the preſence of vapours, cold, or heat, pro- 
duce in ſome, yea ſeveral animals and men, ſo manifeſt an effect, 
that ſome can thence preſage inſtant changes; whoever would 
conlider the wonderful effeQts of hunger andhirſt, and likewiſe _ 
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and then conſider what is common to all of them, yig 


the changes which follow in the common ſenſory ad 


in the mind. 
CCCCXX. The ſenſe of touch is underſtood in a tw. 
fold manner. For, by this term in general, we call a 


changes of the nerves, ariſing from heat, cold, rough. 


neſs, ſmoothneſs, weight, moiſture, dryneſs, or other 
affections of external bodies, in whatever part or orga 
they are applied to cauſe a change, In this ſenſe, the 
touch is aſcribed to almoſt all parts of the human bo- 
dy, to ſome more, to others leſs ; as in different places 
of the body the nerves are more numerous and bare, 
covered with more tender membranes; and thus even 
pain, pleaſure, hunger, thirſt, anguiſh, itching, and 
the other ſenſations, belong to the ſenſe of feeling. 
CCCCXXI. But, in a ſomewhat different and more 
proper acceptation, the ſenſe of touch is ſaid to be the 
change ariſing in the mind from external bodies applied 
to the ſkin, more eſpecially at the ends of the finger, 
For, by the fingers, we more accurately diſtinguiſh the 
qualities of tangible things than by other parts of our 
body. 
CCCCXXII. Indeed, this ſenſe does not eaſily di- 
ſtinguiſh any particles by the ſkin which it does not touch, 
But fince the touch is more peculiarly aſcribed to the 
cutaneous papillæ, therefore the ſtructure of the ſkin is 
to be firſt deſcribed. That part, then, which is called 
the true in, is compoled of a thick cellular net-work, 
whoſe fibres and plates are cloſely compacted and in- 


terwove together in an intricate manner, which renders 


it porous, and capable of contracting or dilating to a 
ſurpriſing degree. Its ſtrata, when expoſed to the ar 
by turning up the epidermis, become more cloſely 


compacted together; the ſame is inſenſibly relaxed to. 


wards 


attend to the phenomena of the exquiſitely ſenſible parts which ate 
deſtined for generation; he will truly find many arguments for 10. 
creaſing the number of ſenſes. But if you reflect upon the diser 
of organs, and particularly the diftribution of the nerves, you # 


perceive a natural difference in the car alone and eye. 


. — — o 
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\ards fat, and is reſolved into a ſofter cellular texture. 
{tis more tender in ſome places, and in others more 
ard, Within this ſubſtance run many ſmall arteries, 
which come from the ſubcutaneous ones, which, tho? 
neither large nor of a very great length, are yet nu- 
nerous in ſome parts of the ſkin, which look red, as 
in the cheeks; but in other parts they are fewer in 
number. The veins ariſe in great numbers from the 
ſubcutaneous net- work, and the nerves likewiſe in the 
kin are very numerous; but they vaniſh ſo ſuddenly, 
that it is very difficult to trace the ultimate extremities 
of them. Betwixt the ſkin and muſcles is placed the 
cellular fabric, into which the {kin 1s inſenſibly reſolved; 
in moſt parts repleniſhed with fat, the little eminences 
of which preſs upon the ſmall hollows of the ſkin ; but 
in ſome, as the penis, red part of the lips, &c. it is de- 
ſtitute of fat. There are very few parts in the body of 
man where the ſkin is immediately joined to the muſ- 
cular fibres without any ſeparation by fat or cellular 
ſubſtance ; for, though the dartos of the teſticle has no 
muſcular fibres, it is not without the cellular ſubſtance. 
There are ſome places, indeed, where tendinous fibres 
are inſerted into the ſkin ; as in the neck, in the palms 
of the hands, and ſoles of the feet. | 

CCCCXXIII. Throughout the whole ſurface of the 
kin in molt parts of the body, but with ſome difficulty, 
you will find it to have a rough appearance after the cu- 
ucle is taken off; but in the human body theſe are ſo 
obtuſe, that, unleſs you underſtand them to be very 
minute granulations, they are raiſed hardly any viſible 
height above the ſkin. But in the ends of the fingers 
there are larger round papille ſeated in cavities of the 
cuticle *', and receiving nerves very difficulty ſeen 
namely, a little mount or protuberance formed of ſmall 


. | veſſels, 

The cutaneous papillæ, no regard being paid to their differ- 
ence of ſituation, are all formed from «the cellular texture, which 
lrves them for a foundation, into which ſeveral furrows of veſſcls 
are directed; and the filament of a nerve, which is eaſily found in 
the tubercles of the tongue and penis when it reaches this tubercle, 
528 it ſoftened and abſorbed into a ſponge, Albinus has elegantly 
repreſented the diverſity of the papillz. | 
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veſſels, with one or more ſmall nerves wrapped up to. 
gether in the cellular ſubſtance. Theſe, in the lips and 
glans penis, after long maceration, appear villous or 
down- like; and are ſeen moſt evidently of all in the 
tongue, from the fabric of which we conclude, by an. 
logy with reſpect to the other cutaneous papillæ. 
CCCCXXIV. Over the ſurface of the ſkin is placed 
another covering, which is not ſo liable to be injured by 
the air, and which coheres with the ſubjacent ſkin by an 


infinite number of ſmall bloodleſs veſſels, and by hairs 


which paſs through its ſubſtance. The outer ſurface of 
this covering, as 1t were of an horny fabric, is dry, in. 
ſenſible, and not ſubject to putrefaction; but being de. 
ſtitute of veſſels and nerves “s, it appears in a particular 
manner wrinkled and ſcaly, ,and is joined to the kin 
by a kind of net- work. This is called the epidermis or 
cuticle, which is perforated by an infinite number of 
pores, ſome larger for the ſweat, and others ſmaller 
for the perſpirable vapours; out of whoſe ducts, ex. 

anded and cemented by the interpoſition of a conden- 
ſed glue, the ſubſtance of the cuticle is probably com. 
poſed. By preſſure or burning, the cuticle grows 


| thicker, by the addition of new plates or ſcales, formed 


betwixt the ſkin and thoſe which lie outermoſt ; and 
this is called. a callus. But even naturally, in Blacks, the 
cuticle has two diſtinct plates. 


' CCCCXXV. The inner ſurface of the cuticle is more 
ſoft and like a pulp, ſomewhat like an half fluid or a 


concreted mucus ; whence, by macerating ſome time 


in water, it ſeparates from the former, difficultly in Eu- 
ropeans, but eaſily in the Blacks, where it is truly mem. 
branaccous, ſolid, and ſeparable, as in the palate of 


brutes. This ſurface of the cuticle lies incumbent on 
| the 


313 The nature of the epidermis, the manner of its regeneration, 
and the controverted aſſertion of the veſſels and nerves preſent in 1 
have been again propoſed by Malpighivs, Boerhaave, and Albious. 
Klinkoſch choſe to refer it to a cellular nature: but the great affinity 
of the epidermis with the hair, nails, and horn, ſufficiently declares 
its nature; in which neither my ipjections nor knife have yet been 
able to diftioguiſh either veſſels or nerves, 
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the {kin itſelf, whoſe papille, in thoſe parts where they 
are to be found, are received into the ſoft cuticular al- 
veoli or ſockets. This is commonly called rete Mal- 
o hianum, although it be certain there are no perfora- 
tions viſible through it like thoſe of a ſieve. | 

CCCCXXVI. That this reticular body is compoſed of 
1 humour tranſuding from the ſurface of the true ſkin, 
ſeems very probable. As to the fabric of the cuticle 
«ſelf, it is obſcure ; for ſince it is both caſt off, or re- 
generated, inſenſible, and deſtitute of veſlels, it does 
not ſeem to belong to the organical parts of the body. 
Whether- is it the outer part of the Malpighian mucus 
[CCCCE XV.) coagulated and condenſed by the air and 
by preflure, after being perforated with a number of 
exhaling and inhaling ducts, the mouths of which are 
cemented together by the interpoſed condenſed glue? 
and whether or not are we perſuaded to this opt- 
mon by the mucous expanſion upon the membrane of 
the tympanum? to which add, the diſſolution of it 
in water, obſerved by the more eminent anatomiſts; 
which experiment is by others denied in the cuticle of 
Blacks. | 

CCCCXX VII. Moreover, to the hiſtory of the ſkin 
belong the ſimple glandules, which are ſeated in very 
many places under the ſkin in the cellular fabric; from 
whence perforating the ſkin by their excretory duct, 
they pour out a ſoft half fluid liniment. Other ſeba- 
cxous glandules, partly ſimple and partly compound, 
generate a dry white liniment, of an harder conſiſtence 
in the face, but more oily in the groins and arm-pits, 
with which the {kin being anointed, ſhines, and is de- 
{ended both from the air and outward attrition. They 
are found ſeated in all parts of the body that are under 
a neceſlity of being more immediately expoled to the 


ar, as in the face, where there are a great number of 


lie compound ſort ; or wherever the ſkin is liable to 
any great attrition, as in the arm-pits, nipples, groins, 
gans penis, nymphæ, anus, and hams. They fre- 
quently ſend out hairs. It it be aſked, Whether theſe 

follicles 


- 
— — a——— — — — r 
E 


248 F CH, XIl. 


follicles are ſeated in all parts of the ſkin ? we anſuet, 
That although anatomy does not every where demon. 
ſtrate them, yet it ſeems probable that they are in 10 
part abſent, as may appear from the ſordes collected 
about the whole ſurface of the body, ſeemingly of the 
ſebaceous kind. But there is another ſort of linimen: 
poured out upon the ſkin from the fat itſelf, by jy 
particular pores, without the intervention of glandz 
(CCIX.); and this more eſpecially where the {kin i; 
clothed with hair, as in the ſcalp. 

CCCCXXVIII. Again, both the hair and nails are ap- 
pendages to the ſkin ''%, The former are ſcattered oye: 
almoſt the whole ſurface of the body, the palms of the 
hands and loles of the feet excepted; in molt parts ſhort 
and ſoft ; but longer upon the head, mouth, cheeks, and 
chin, with the breaſt in men; alſo, upon the fore part ol 
the limbs, in the arm-pits, groins, and pubes. They 
ariſe from the cellular texture lying under the ſkin, ori. 
ginating from a little bulb which is membranous, ſtrong, 
vaſcular, and of an oval ſhape, and more lax towards the 
cellular texture, (and from this baſis the hairs are aug- 
mented by veſlels); in which little bulb another bulb 
lies hid, at firſt roundiſh, but afterwards cylindrical, 
and ſurrounded with blood. In that ſecond bulb lies 
the hair, laid over with a fat humour. The hair, 
with both its cylindrical ſheaths, comes to the cutaneous 
hole, goes out through the ſame paſſage, and forces the 
epidermis into a ſimilar theath; from whence the in- 
corruptibility of the hair: and then the cover cannot be 
ſeparated farther from the cortex ; but the filaments, and 
ſpongy and cellular matter, are continued throughout 
the whole length of the hair. The hairs grow — 

rally 


As the ſcales of the epidermis, or its leſs particles, are diffe- 
rently conformed through the various claſſes of animals, inſects, ſer- 
pents, filhes, quadrupeds, and the feathers of birds; ſo alſo it 1s 
compared with the hairs, which according to the various claſſes of 
animals, aſſume a difference of nature; being readily changed s- 
to true ſcales, as in fiſhes; into feathers, as in birds; into priekles, 
as in the hedgehog and porcupine; into ſoft wool, &c. The nature 
of the hairs has been well deſcribed by Malpighius, Ledermuller, t. 
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rally in the cellular ſubſtance under the ſkin z but, by 
diſeaſe, they are ſometimes formed within the fat of o- 
ther parts. They grow continually ; and are renewed 
again, after being cut, by a protruſion of their medul- 
ary ſubſtance from the ſkin outward, under a produc- 
tion of the cuticle. When the hairs are deſtitute of this 
medulla in old people, they dry up, ſplit, and fall off, 
Their colour is from the juice, which fills the internal 
cellular texture. 'The ſcem to perſpire through their 
extremities, and poſſibly throughout their whole ſur- 
face; as we may conclude from the conſtant force of 
protruſion in their medulla, which, in the plica Poloni- 
ca, wants a boundary to terminate it. To which add, 
the luminous ſtreaks or rays that come out from the 
hairs of an animal electrified. The ſubcutancous fat or 
oil ſeems to follow, and tranſude through the medul- 
lary tract and pores of the hairs. 

CCCCX XIX. The nazls are of the nature and fabric of 
the cuticle ; like which, they are alſo inſenſible, and re- 
newable after being cut or having fallen off. They are 
found placed upon the backs of the ends of the fingers 
and toes, which they ſupport to make a due reſiſtance in 
the apprehenſion of objects, having the nervous papil- 
ary bodies, that ſerve the organ of touch, placed under 
their lower ſurface. They ariſe with a ſquare root, in- 
termixed with the perioſteum, a little before the laſt 
joints, from betwixt the outer and inner ſtratum of the 
ſkin; and paſling on loft, go out by a lunar cleft in the 
external plate of the ſkin, where the cuticle returns 
back, and is partly laid over the outſide of the nail, to- 
gether with which it is extended forward as an outer 
covering, The nail itlelt is of a ſoft tender fabric where 
it firſt ariſes, partly covered by the ſkin; but, by age 
and contac with the air, it in time hardens into a ſolid, 
horny, and elaſtic body, compoſed of long hair-like 
threads, cemented together by interpoſed glue, and di- 
tinguiſhable from each other by intervening ſulci or 
turrows, by which one may be able to ſplit them into a 
number of lefler orders. The nail thus formed, ex- 

Vol. I. R | tends 
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tends itſelf to the extremity of the finger; and is, h 
this tract, lined all along internally within its conegys 
ſurface, by an expanſion of the true ſkin, and ſubjacey 
perioſteum intermixed ; the filaments of which wif 
firſt ſhort, and are afterwards continued of a greay 
length, till they become longeſt of all at the extremi 
of the nail to which they cohere. Theſe are mot int. 
mately connected into the root of the nail. Over the 
outer ſurface of the nail ſome part of the ſkin is apzi 
at liberty, and hes under the nail, and diſtinct from i, 
and has its own epidermis. A furrowed net-work is 
interpoſed betwixt the ſkin and nail, which is allo ef 
ſeparable and ſoft, for the protection of the papillz; 
from thence the furrows grow gradually harder, ſo that 
at laſt they can ſcarce be diſtinguiſhed from the nai, 
The tendons do not reach quite fo far as the nail. 

CCCCXXX. The cellular ſubſtance is without fat, 
except in a few places to allow a neceſſary motion to the 
ſkin. Where it is repleniſhed with the fat, it ſerves to 
defend the warmth of internal parts from the cold air; to 
render the ſkin moveable upon the muſcles ; to fill up the 
cavities betwixt the muſcles themſelves ; and to render 
the whole body white and uniform. The ſkin, cuticle, 
and its Malpigbian mucus, ſerve not only to limit the 
external bounds of the body every where; but likewiſe, 
where they ſeem to be perforated, paſſing inward, they 
degenerate by degrees . For the cuticle is maniteltly 
extended into the anus, urethra, vagina, cornea of the 
eye, auditory paſlage, mouth, and tongue; nor is it 
wanting even in the ſtomach itſelf and inteſtines; il. 
though, by the perpetual warmth and moiſture, its fi- 
bric be altered, and extended or relaxed into their vi 
Tous covering. Thus the true ſkin is continued y- 

{ 


4 

All the parts of the ſkin are not continued upwards through 
all the holes and openings; for the epidermis is different in the cor- 
nea, inteſtines, larynx, and urethra: the ſame holds of the reticulk 
and of the coriaceous part of the ſkin : the mucous follicles likeviſe 
make a great difference in the internal places; whereas they are ſe- 


baceous cryptæ externally. The learned Bong has thrown 
light upon this ſubject. 5 
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he internal fabric of the palate, tongue, pharynx, no- 
ſtrils, vagina, &c. where it degenerates always into a 
white, thick, pulpy, commonly called nervous, coat of 
thole parts; 

CCCCXXXI. What has been hitherto advanced, is 
{ficient to enable us to underſtand the nature of touch. 
The papillæ, ſeated in the larger winding ridges at the 
ends of the fingers, regularly diſpoſed in ſpiral folds, are, 
by the attention of the mind, a little raiſed or erected; 
35 appears from frights or ſhiverings; as we ſee in the 
nipples of women, in the handling of tangible objects, 
and by light friftion; whereby, receiving the impreſſion 
of the object into their nervous fabric, it is thence con- 
reyed, by the trunks of the nerves, to the brain. This 
is what we call the touch, whereby we become ſenſible 
chiefly of the roughneſs of objects; in which ſome per- 
ſons have fo ſharp a ſenſation, that they have been 
known to diſtininguiſh colours by touching the ſurface 
only. By this ſenſation we perceive heat, when it ex- 
ceeds in bodies the heat of our fingers; and weight 
likewiſe, when it prefles more than is uſual. Humidity 
we judge of by the preſence of water; ſoftneſs, by a 
fielding of the object; hardneſs, from a yielding of the 
finger; figure, from the limits, or rough circumſcribed 
ſurtace; diſtance, from a rude calculation or eſtimate 
made by experience, to which the length of the arm 
ſerves as a meaſure : ſo the touch ſerves to correct the 
miltakes of our other ſenſes ; but yet it ſometimes errs 
Itſelf, and then the other ſenſes ſhow themſelves to be 
true guides to the animal without that of touch. 

CCCCXXXII. The mucous body of Malpighius mo- 
derates the action of the tactile object, and preſerves the 
ſoltneſs and ſound ſtate of the papillæ. The cuticle ex- 
dudes the air from withering and deſtroying the ſkin ; 
qualifies the imprefſions of bodies, ſo that they may be 
only ſufficient to affect the touch, without cauſing pain: 
and therefore, when it is become too thick by uſe, the 
ſenſe of feeling is either loſt or leſſened; but if it be too 
tain and ſoft, the touch becomes painful. The hairs ſerve 
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to defend the cuticle from abraſion; to preſerve and in. 
creaſe the heat; to cover and conceal fome parts, aud 
render the membranes of others irritable, which nature 
required to be guarded from the entrance of inſet, 
and perhaps they may ſerve to exhale ſome uſeleſs yz. 
pours, or afford a paſſage to the exhaling oil. The 
nails ſerve to guard the touch, that the papillæ and end; 
of the fingers may not be bent back by the reſiſtance 
of tangible objects: at the ſame time they increaſe the 
power of apprehenſion, and aſſiſt in the handling ni. 
nute objects. In brute animals, they generally ſerve z 
weapons of offence, and might be of the ſame ule to 
man, if they were not cut off. 

CCCCXXXIII. But thele are not all the uſes of the 
ſkin. For one moſt important office of that covering is 
to exhale from the body a large quantity of humour 
and other matters to be carried off by the air. Ac. 
cordingly, the whole ſurface - the ſkin, ſweats out a 
vapour by an mfinite number of ſmall arteries, either 
coiled up into papillz or ſpread on the ſkin itſelf, which 
pals out, and exhale through correſponding pores of 
the cuticle ; although the courſe or direction of the 
veſſels which pour out this vapour be changed in paſſing 
from the ſkin to the cuticle. Theſe exhaling veſſels or 
arteries are eaſily demonſtrated by an injection of we 
ter or fiſh-glue into the arteries; for then they ſweat 
out from all parts of the ſkin an infinite number of ſmall 
drops, which being transfuſed under the cuticle, ren- 
dered impervious by death, raiſe it up into a bliſter. 

CCCCXXXIV. In a living perſon, this exhalation i 
many ways demonſtrable. A clegn.looking-glaſs placed 
againſt the warm and naked ſkin, is quickly obſcured 
by the moilt vapour. In ſubterraneous caverns, where 
the air is more denſe, it more plainly goes off into the 
air, from the whole ſurface of the body, in the form of 
a viſible and thick cloud. . 

CCCCXXXV. Whenever the motion of the blood 1s 
increaſed, while at the ſame time the ſkin is hot and 
relaxed, the ſmall cutancous pores, inſtead of =P 
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| and from the eafy paſſage of warm liquors in the form 
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rifble vapour, diſcharge ſweat, conſiſting of minute, 
hut viſible drops, which run together into larger drops 
by joining with others of the ſame kind. But thoſe 
parts chiefly are ſubject to ſweat which are hotteſt ; that 
1s to ſay, where the ſubcutaneous arteries are largeſt, 
and have a greater action from their reſiſtance, as in the 
head, breaſt, and foldings of the ſkin. The experi- 
ment before mentioned (CCCCXXXIII.), together with 
the ſimplicity of nature herſelf, joining with the viſible 
thickneſs or cloudineſs of the cutaneous and puimonary 
exhalation (CCCGCXXXIV.), ſufficiently perſuades us, 
that the perſpirable matter and ſweat are diſcharged 
through one and the ſame kind of veſſels, and differ 
only by the quantity and celerity of the matter. But 
together with the ſweat is intermixed the humour of the 
ſebaceous glands (CCCCXX VII.) and the ſubcutaneous 
oil, which being more plentifully ſecreted, and diluted 
with the arterial juice, flows out of an oily and yellow 
conſiſtence, and chiefly gives that ſmell and colour to 
the ſweat for which it 1s remarkable. Hence we find 
it more fetid in the arm-pits, groins, and other parts, 
where thoſe glandules are molt numerous or abundant. 
Both blood and ſmall ſand have been known to proceed 
from the ſkin along with the ſweat. 

CCCCXXX VI. Concerning the nature of perſpira- 
ton, we are to inquire by experiments and by analogy 
with the pulmonary exhalation, which more frequently 
and abundantly perſpires a vaporous cloud of the fame 
kind, more eſpecially viſible in a cold air. That what 
flies off from the body in this exhalation is chiefly water, 
appears from experiments, by which the breath, being 
condenſed in large veſſels, forms into watery drops. 
Agreeable with this, we find the obſcuring vapour 
condenſed by a looking-glaſs to be extremely ſubtle, fa 
as wholly to fly off again from it; and the ſame is con- 
fiemed by the obſtruded matter of perſpiration paſſing 
off by urine, or frequently changing into a diarrhoea 


of perſpiration by a hot ajr, or elſe by the urinary paſ- 
| R 3 lages 
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ſages in a cold air, The water of theſe vapouts ij; 
chiefly from what we drink, but is in part ſupplied 
from the inhalation of the ſkin, Frequently, even the 
particular ſmell of the aliments may be plainly percei. 
ved in the perſpiration ; and there is alſo an admixture 
of the electrical matter in every perſon, but in ſome it 
is more evidently Jucid ''*, 

CCCCXXXVII. But that there are, beſides Water, 
ſome volatile particles intermixed of an alkaline nature, 
is evident as well as from the nature of our blood, x; 
the conſiderable miſchiefs which follow from a retained 
perſpiration. This volatile alkaline matter ariſes from 
the finer particles of the blood, attenuated by perpe- 
tual heat and triture, and changed into an acrimonious 
nature. Theſe afford the ſcent which is cloſely follow. 
ed by dogs, who would not know their maſters unle{ 
ſomething of a particular nature perſpired from each 
perſon. 

CCCCXXXVIII. The quantity of our perſpiring 
moiſture is very large, whether we conſider the extent 
of the organ by which it is ſeparated, the abundance of 
vapours derived from the lungs only; or barely take a 
review of the experiments made by Sanctorius, in which 
five pounds out of eight, but by other experiments in 
a colder country from fifty-fix to thirty ounces, of the 
food and drink taken into the body in a natural day, 
were found to fly off by perſpiration only, excluſive of 
any of the viſible diſcharges, and without making any 
addition to the weight of the body; but from thus 
weight you muſt deduce that of the ſaliva, mucus of the 
noſe, and ſweat. But the cutaneous exhalation 1s even 
much larger than this; ſince it not only throws off ſuch 
a quantity of the indigeſted food and drink, but like- 
wile. what is added to the blood by the way of inhalation 

(CCCCXLT.), 


276 It is not yet experimentally proved, whether all the elec- 
tric matter which we inhale from the air, is communicated ſolcly dy 
the lungs, which is the opinion of the celebrated Dagoty ; ot whe- 
ther, at the ſame time, we take ſome in by the ſkin : perhaps a 
greater quantity of this matter is carried off by means of perſpirzt!9 
through the ſkin, and hence ariſes the lucid nature of certain bodies. 
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(CCCOXLI.), which entering, often in a very conſi- 
derable quantity, is thus again expelled. But different 
liſpoſitions of the air, and of the human body, cauſe 
creat variations in thoſe matters. In warm countries, 
in the ſummer- months, and in young exerciſed perſons, 
more goes off by tranſpiration from the body, and leſs 
by the urine. But in cold climates, during the tem- 
perate or winter ſeaſons, in aged or inadtive perſons, 
nore goes off by the urine than by the inſenſible diſ- 
charge. But in temperate countries, making a compu- 
ation throughout the whole year, ſomething more 1s 
perſpired than what paſſes off by urine; and joining to- 
gether all the experiments made in different countries, 
both excretions are almoſt alike. The difference of 
time after feeding does alſo in ſome meaſure vary the 
quantity tranſpired ; but in general it is moſt copious 
u that time when the greatet part of the digeſted nou- 
riſhment is conveyed into the blood, and there atte- 
nuated ſo as to be fit for exhalation. It is naturally 
diminiſhed in fleep, even in the warmer climates; but 
it is increaſed by the heat of bed-cloaths. 
CCCCXXXIX. In general, a plentiful and uniform 
perſpiration, with ſtrength of body, are good ſigns of 
health ; for whenever it abounds from too great weak- 
neſs, it is obſerved to do more miſchief than none at all, 
if the writings on that head are ſufficiently to be de- 
pended on. It is thus a ſign of health, becauſe it de- 
notes a free pervious diſpoſition of the veſſels diſperſed 
throughout the whole body, together with a complete 
digeſtion of the nouriſhment, the greater part of which 
is perfectly attenuated into a vapour. When it is di- 
miniſhed, it indicates either a conſtriction of the ſkin, a 
weakneſs of the heart, or an imperfect digeſtion of the 
aliments. Perhaps in too great a perſpiration the 
nervous ſpirits themſelves are evaporated, This diſ- 
charge is, by moderate exerciſe, increaſed to ſix times 
that of an idle perſon, even to an half or whole pound 
in an hour, aided by ſtrong and open veſſels, by warm, 
vatery, and vinous drinks, with animal food of an _ 
R4 i- 


| 
| 
| 
| 
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tion; as thick ikin, a moiſt air, or a cold and dry one 
' 


hurts chiefly by its putreſcent qualities, which arc re. 
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digeſtion, and a heavy, temperate, or moderately dam 
air, aſſiſted with joyful affections of the mind. The 
contrary of theſe either lefſen or ſuppreſs the perſpirz. 


with reſt, more frequent bathing than uſual, or from ; 
diarrhoea ſuddenly ariling, and laſtly from a neryoy; 
concuſſion from a diſagreeable affection of the mind. 
However, the continuance of lite does not depend on 
a ſcrupulous exactneſs in the quantity of this diſcharge, 
which is ſo eafily increaſed or diminiſhed by igt 
cauſes; which is ſhut up by paints in many Indian la. 
tions, and is inconfiderable in many animals without any 
ſenſible injury. When it is ſuppreſſed, it does a pro. 
digious deal of miſchiet in fevers of a bad kind; it 


tained by ſupprefled perſpiration. 

CCCC XI.. The ſweat is evidently of a ſaline nature; 
as appears both from the taſte, and from the minute 
cryſtals which ſhoot upon the cloaths of ſuch as workin 
glaſs-houſes ; as well as by diſtillation, which ſhows the 
ſweat to be of an alkaline nature. Hence it is, that by 
this diſcharge the molt malignant matter of many dil. 
eaſes is thrown off from the body. But, in reality, 
ſweat is always a preternatural or morbid diſcharge, 
from which a perſon ought always to be free; unless 
by violent exerciſe, or oiher accidents, his conſtitution 
is for a ſhort time thrown into a diſeaſed ſtate. Nor is 
it unfrequent for ſweats to do confiderable miſchief in 
acute diſeaſes; by waſting the watery parts, and thick- 
ening the reſt of the blood, at the fame time hat it 
renders the ſalts more acrimonious. By a too violent 
motion of the blood, the ſweat is rendered extremely 
fetid; and is ſometimes even red, or mixed with blood 
itſelf : being electrized, it ſometimes is lucid. 

CCCCXLI. The uſes of perſpiration are, to free the 
blood from its redundant water, and throw out thoſe 
particles, which, by repeated circulations, have become 
alkaline or otherwiſe acrimonious ; and poſſibly to ex- 
bale therewith an extremely volatile oil, prepared 1. 
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the ame blood. The ſame perſpiration likewiſe quali- 
fes and ſoftens the cuticle, which is a neceſſary medi- 
um extended before the tender ſenſible papillæ. 
CCCCXLII. But the ſame ſkin that makes this ex- 
halation into the air, is likewiſe full of ſmall veſſels, 
which inhale or abſorb thin vapours from the air, either 
perpetually, or at leaſt when it is not very cold; more 
eſpecially when the air is damp, the body unexerciſcd, 
the mind oppreſſed with grief, or both under conditions 
contrary to thoſe which increaſe perſpiration before- 
mentioned (CCCCXXX VII.) Theſe veins are demon- 
trated by anatomical injections, which, if thin or watery, 
ſweat throughthem as through the arteries, if it was wa- 
try and thin: moreover, the manifeſt operation of me- 
dicines, pgrvading the air, or applied to the ſkin, prove 
the ſame ; ſuch as the vapours of mercury, turpentine, 
laffron, Bath-waters, mercurial plaſters, tobacco, colo- 
quintida, opium, cantharides, arſenic, with the fatal 
etfects of contagious or other poiſons entering through 
the ſkin; as in the venereal infection: to which add, 
the living of animals almoſt without drink in hot iſlands, 
which abound with moilt vapours; from which, how- 
ever, they ſweat and piſs plentiful enough. Laſtly, 
ſome extraordinary morbid caſes have demonſtrated 
this, in which a much greater quantity of urine has 
been diſcharged than the quantity of drink taken in; 
in which you may believe that the moſt open paſſages 
ſerved for inhalation; that new ones were generated, is 
not credible. "The proportion of this inhalation is diffi- 
cult to aſſign ; but that it is very great in plants, more 
elpectally in the night-time, appears evidently from cer- 
tain experiments. 
CCCOX LUI, Theſe cutaneous veſſels, both exhaling 
and inhaling, are capable of contraction and relaxation 
by the power of the nerves. The truth of this appears 
from the effects of paſſions of the mind; which, if joy- 
tul, increaſe the circulation, and relax the exhalin 
vellels, ſo as to yield eaſier to the impulſe of the blood; 
irom whence, with a ſhortening of the nerves, there 
| follows 
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follows a redneſs, moiſture, and turgeſcence of the ſkin. 
Thoſe paſſions, on the contrary, which are ſorrouful 
and retard the circulation, contract the exhaling veſſel. 
as appears from the dryneſs and corrugation of the ſkin, 
like a gogſe: tin, after frights; and from a diarrhes 
cauſed by fear. But the ſame affections ſeem to open 
and increaſe the power of the inhaling veſſels, whence 
the variolous or peſtilential contagions are eaſily con. 
tracted by fear. 


C2 AF. AV. 
Of the Tas T E. 


CCCCXLIV. HE organs of taſte and touch differ 
but ſlightly. By certain experments 
it appears, that the power of taſte is exerciſed by the 
tongue chiefly ''7; for even ſugar applied to any other 
part of the mouth, excites ſcarce the leaſt ſenſe of 
taſte in the mind: neither will any other ſapid body, 
unleſs it contains ſomething vehemently penetrating; 
in which caſe the palate, root of the tongue, uvula, and 
likewiſe the œſophagus, are affected with the taſte, 
"That ſenſation which is ſometimes excited in the ſtomach, |} 
ceſophagus, and fauces, by the regurgitation of the ali. 
ments, feems alſo to belong to the tongue; to which 
the ſapid vapours are ſent back, uncommonly acrid and 
penetrating : and even that ſenſe which is ſometimes 
occaſioned in the ſtomach, œſophagus, and fauces, from 
a riſing of the aliments, ſeems alſo to be owing to the 
tongue, to which the taſtable vapours are conveyed. 
CCCCXLV. Only the upper and lateral edges ol the 
tongue are fitted to exerciſe the ſenſe of taſte. But by 
the tongue we underitand a muſcular body, bene 2 
Ulcate 


* Nowhere indeed upon the ſkin, when the epidermis is taken 
off, do we feel the taſte of bodies; but taſte is by no means con- 
| fined to the tongue alone. For on whatever part of the mouth, 
palate, or cheeks, you apply a ſapid body, you will not perceive 
the ſenſe of pain, but of the taſte; even of ſome bodies, 28 arum, 
pepper, &c. it will be ſtronger and more diſtin& than any where elſe, | 
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ſulcated in man, and lodged in the mouth, whoſe poſte- 
rior and lower parts are variouſly connected to the ad- 
cent bones and cartilages, while it remains moveable 
in its anterior and upper part. In thoſe portions of the 
tongue, which make the organ of taſte, the ſkin grows 
wo the adjacent mulcular fibres, being continued from 
the ſkin of the face and mouth ; only here it is always 
ſoft and pulp-like, from the perpetual warmth and 
noiſture, From this ſkin ariſe innumerable nervous 
fapulle, of a more conſiderable bulk here than in other 
parts. Of theſe there are ſeveral kinds: the firſt of 
them are diſpoſed in a rank on the back part of the 
tongue, on each fide of the foramen caecum **'*, Theſe, 
ſurrounding that opening like a circle, are for the moſt 
part like an inverted cone, having a deep ſinus in their 
middle; but are otherwiſe hard, and but indifferently 
diſpoſed for taſting, although you can eafily trace the 
nerves to them. 'There arc ſome other papillæ of the 
ame kind found ſcattered before theſe upon the back 
of the tongue. 

CCCCXLVI. Theſe degenerate into a kind of pa- 
pillæ like muſhrooms, leſs and flenderer than the former, 
of a very cylindric and ſomewhat oval figure, placed at 
ſome ſmall diſtauce from each other, upon the upper 
ſurface of the tongue, where they grow ſharper point- 
ed as they lie more forwards, and are molt numerous 
on the ſides of the tongue. The third ſort of papillæ 
are of a conical figure, which abound moſt in number 
among the former, and are ſpread largely over the 
tongue. Theſe have their apices ſomewhat inclined and 
fluctuating before, towards the tip of the tongue; theſe 
are hkewiſe moſt numerous in the ſides of the tongue, 
though there are ſome alſo behind the blind foramen. 
They are highly ſenfible, and make the true organ of 
alte: other papille intervene, which are partly conical, 


and 


The number of theſe papillæ vallatæ are by no meins conſtant; 
for the moſt part they are ſeven or eleven, the middle one of which 
u on the very foramen cæcum: however, it is not rare to find a greater 
number, and then it is increaſed beyond fifteen or ſeventeen, ; 
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and partly ſhaped like threads; and ſome of the conicy 
<p are greater, and the others grow always leſs and 
en”; | | 

CCCCX LVII. Theſe papillæ have doubtleſs ſmallnerye 
detached into them, beſides numerous veſſels, although 
they are difficult to trace; for we obſerve, that larger 
nerves go to the tongue than almoſt in any inſtance 
which we have in other parts. For beſides the nere 
of the eighth pair, which, being one of the principal of 
the three branches, deeply enters the baſis of the tongue, 
covered by the cerato-gloflus, near the os hyoides, 
there is allo a conſiderable nerve that goes to the 
rongue and its muſcles, from the ninth pair ; which ha. 
ving inoſculated with the firſt nerve of the neck, and 
with the large cervical ganglion, it ſends a branch 
downward, and frequently joins the eighth pair; but 
conſtantly communicates with the ſecond and third of 
the neck, from whence its branches aſcend to the mul. 
cles ariſing from the ſternum, and frequently commu. 
nicate with the phrenic nerve; after which, the ret of 
its trunk goes to the tongue. This communicates, by 
many branches, with the fifth pair in the cerato-gloſſus, 
and is more eſpecially ſpent on the genio.gloſſus. 
| Laſtly, the third branch of the fifth pair having lent up 
or received the cord of the tympanum, and given other 
branches to the internal pterygoides, with the maxi. 
lary and ſublingual glands, paſſes with its principal 
trunk behind the cerato-gloſſus, where it joins the nin 
pair, and enters the tongue deeply, in company with 
the artery ; together with which it is extended to the 
tip of the tongue, where it becomes cutaneous. 10 
this nerve, therefore, if there be any prerogative ot 
preference, the ſenſe of taſte is to be more eſpecial) a. 
ſcribed, which is confirmed from obſervations on 3 


119 Albinus has properly added to theſe three claſſes of papilæ s 
fourth, which lies on the ſides of the tongue, and confitt of {mal}, A. 
molt concentric ſlits, again interſected into ſmaller ones: theſe peu 
clearly ſhow the tongue's analogy with the ſkin. 

229 Tn feven bodies one is found, in which a filament goes from 
the ninth pair to the phrenic. 
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diſeaſes . Laſtly, the nipples or papillæ of the tongue 
are of a hard texture, each papilla having its pulpy fa- 
bric made up by a number of ſmall nerves, arteries, and 
reins, conjoined or wound up with a firm cellular ſub- 
ſtance into a button, or protuberance, of which many 
are required to make up one large papilla. 
CCCCXLVIII. The arterial and venous down which 
runs between the papillz are for the purpoſes of ex- 
halationz and have nothing to do with the taſte, far- 
ther than that they ſeparate from the blood a liquor fit 
for diſſolving ſalts, and keeping moilt the papillæ pro- 
per for taſte: this liquor they pour out on the back of 
the tongue. On the upper and back part of the tongue 
are ſeated many ſimple, round, muciterous glands, ha- 
ving one or more open outlets, which are completed by 
an hemiſpherical membrane, and the fleſhy part of the 
tongue, Some of theſe open into the obſcure, blind, 
and uncertain figured hollow, which is placed 'in the 
middle between the largeſt papillæ (CCCCXLV.), and 
commonly contains ſome of them. STE 
CCCCXLIX. Over the papillæ of the human tongue 
1s ſpread only a ſingle mucous and ſemipellucid cover- 
ing, which ſtrictly adheres to them, and ſerves them as 
acuticle, But, in brute animals, a perforated mucous 
network receives the papillæ, which are in a manner 
wrapped up in caſes or capſules of this mucous body co- 
vered with the cuticle, 

CCCCL. 


Ja moſt of the ſenſitive organs, it is confirmed and proved by 
long experience, that, out of ſeveral nerves going to an organ, one 
only ſerves for exerciſing ſenſe: that the optic conſtitutes the primary 
ſeat and inſtrument of ſight, though we know that ſeveral nerves 
enter the eye: that the portio mollis is the nerve fitted for hearing, 
although the portio dura likewife paſſes through the ear: that the 
oiftatory nerve does the office of ſmell, notwithſtanding a remark- 
able number of branches coming from the fiſth pair to the membrana 
pituitaria: and fo in like manner theſninth pair or middle lingual is ap- 
pointed for taſte, although conſiderable portions from the gloſſo- 
Pharyngzus and fifth pair are diſtributed through the tongue. 
ith all this I agree ; but the noted hiſtory of Columbus has too 
fully proved, that little credit is to be given to morbid affectione, 
vben inveſtigated and aſſerted by ſingle obſervations alone. 
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CCCCL. Under thoſe papillz are ſpread the muſty 
which make the fleſhy body of the tongue; which aue 
very numerous, and hardly extricable in the human 
tongue: in the lower part, it is in a great meaſure made 
up of the genio-gloſſus muſcle extended outwards from 
the meeting of the chin, and diſtributed like rays into 
the ſubſtarce of the tongue. The upper and later; 
parts are compoſed of the ſtylo-gloflus, whoſe fibres run 
to the tip of the tongue ; which in its middle part, he. 
twixt the former muſcies, is compoſed of one proper ty 
itſelf, called lingualis; which ariſing from before the 
pharynx and origin of the ſtylo-glofſus, only lower, 
goes out forward, and, terminating betwixt the faid 
genio-gloſſlus and ſtylo-gloſſus, makes up a very can. 
ſiderable part of the tongue. The back part of the 
tongue is made up of the fibres of the cerato-gloſſus, 
which aſcend upward and backwark ; which ends be- 
tween the ſtylo-gloſſus and lingualis, being included de- 
tween them: and to this is joined the chondro-gloſſus, 
a muſcle entirely different, which ariſes from the ſmall 
bones, and next adjacent baſis of the os hyoides; 
from whence paſling outward, with its lateral portions, 
covered by the genio-gloſſus, it joins the ſtylo- gloſſus, 
and diſappears in the tongue. By the action of theſe 
muſcles the whole tongue is moveable in all direQions, 
and capable of figuring its own ſubſtance, ſo as to form 
a hollow, by the elevation of the ſtylo-glofli, which it 
again flattens by the cerato-gloſſi, but contracts itſelt 
into a narrow and almoſt cylindrical figure, by the tranl- 
verſe fibres from one ſide to the other, together with 
which there are many other orders of fibres, intermixed 
with a thick fat, ſo that they cannot be traced in the 
human tongue. : 

CCCCLI. The arteries of the tongue are numerous. 
One that is larger and deeper aſcends in a ſerpentine 
courſe from the outer carotid, and extends to the tip of 
the tongue; and a leſſer ſuperficial artery, incumbent 
on the ſublingual gland, either ariſes from, or inoſculates 
with, the preceding. Behind, there are various ſmal 

I branches 
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branches derived from the poſterior labials ; and from 
the branches proper to the lips, or thoſe of the tonſils. 
The veins of the tongue are variouſly wove, and diſh. 
cult to deſcribe ; ſome of which, lying deep, accompany 
the nerve of the ninth pair; and others, that are ſuper- 
kcial, accompany the mental artery, and, inoſculatin 
with the former, ſends out the ranular vein ; but all of 
them meet together in a large vein, which is one branch 
of the internal jugular coming from the brain. Theſe 
reins variouſly communicate with the adjacent net- 
works belonging to the tonſils, pharynx, thyroide gland, 
and ſkin; and in the back of the tongue, before the 
epiglottis, there is a communication betwixt the right 
and left fide of the venal plexus. I find lymphatic veſſels 


tongue itſelf. | 

CCCCLII. The papillæ of the tongue, which are lar- 
ger and ſofter than thoſe of the ſkin, perpetually moiſt, 
perform the office of touch more exquiſitely than thoſe 
of the ſmall and dry cutaneous papillz ; and from hence 
the tongue is liable to a ſharper degree of pain: more- 
over, naked falts are not otherwiſe perceived than under 
a ſenſe of moiſture, or of pain. But the papillæ of the 
tongue being raiſed a little protuberant, to perform the 
office of taſte, from ſalts diflolved in water, or ſaliva, 
and applied againſt their tips or ſummits, are affected 
n a particular manner ; which being diſtinguiſhed by 
the mind, and referred to certain claſſes, are called 
taſtes, either ſour, ſweet, rough, bitter, ſaline, uri- 
nous, ſpirituous, aromatic, or pungent and acrid, of 
rarious kinds, inſipid, putrid, and others reſulting 
partly from pure ſalts, and in part from an intermix- 
ture of the ſubtile animal or vegetable oils, varioul- 
ly compounding and changing each other. If it be 
inquired, Whether the diverſity of taſtes ariſes from 
the different figures which are natural to ſalts *? and 
whether 


n Whoever would compare- the elegant obſervations of Baker, 
Ledermulier, Luchtmans, and Gleichen, upon the figures of __ 


rather in the neighbourhood of the tongue than in the 
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whether this does not appear from the cubical figure 
in which ſea-ſalt ſhoots, the priſmatical figure of nite, 
or the particular configuration of vitriol, ſugar, &c. 
we anſwer, That this does not ſeem probable, for eren 
taſteleſs cryſtals have their particular. configurations; 
and the taſte ariſing from very different falts, and dif. 
ferently qualified objects of this ſenſe, are too much 
alike each other, and at the ſame time too inconſtant 
or changeable, to allow ſuch a theory; as for ex. 
ample, in nitre. The mechanical reaſon, therefore, of 
the diverſity of taſtes, ſeems to reſide in the intrinſic 
fabric or appoſition of their elements, which do not fall 
under the ſcrutiny of our ſenſes. 

CCCCLIII. But the nature or diſpoſition of the co- 
vering with which the papillæ are clothed, together with 
that of the juices, and of the aliments lodged in the (to. 
mach, have a conſiderable ſhare in determining the 
ſenſe of taſte; inſomuch, that the fame flavour docs 
not equally pleaſe or affect the organ in all ages alike, 
nor in perſons of all temperatures; nor even in one 
and the ſame perſon at different times, who ſhall be di. 
ferntly accuſtomed in health or variouſly diſeaſed. In 
22 whatever contains leſs ſalt than the ſaliva itſelf, 
eems inſipid. 

CCCCLIV. The ſpirituous parts, more eſpecially of 
vegetables, either penetrate into the papilla themſelves, 
or elſe are abſorbed by the adjacent villi of the tongue; 
as may appear from the ſpeedy reſtitution of the ſtrength 
by vinous or aromatic liquors oO even before 
they are received into the ſtomach” 

CCCCLV. Nature deſigned the difference of taſtes 
to be felt by the tongue, that we might know and d- 
ſtinguith ſuch foods as are moſt ſalutary: for in general, 
there is not any one kind of aliment healthy that is of 2 


diſagreeable taſte; nor are there any ill taſted matters that 


are fit for our nouriſhment. For it muſt be obſerved, 


that we here take no notice of excels, by which the molt 


healthy 


will be grieycd to imagine, that ſo fimple ny eafily conceived 
theory is aot capable of explaining the diverfity of taſtes. 
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healthy. food may be prejudicial. In this manner na- 
ture has invited us to take neceſſary food, as well by 
the pain called hunger, as by the pleaſure arifing from 
the ſenſe of taſte. But brute animals, who have not 
like ourſelves the advantage of learning from each other 
by inſtruction, have the faculty of diſtinguiſhing fla- 
yours more accurately, by which they are admoniſhed 
o abſtain cautiouſly from porſonous or unhealthy food; 
and therefore it is that herbivorous cattle, to which a 
great diverſity of noxious plants is offered amongſt their 
ſood, are furniſhed with ſuch large and long papillæ of 
{elegant a ſtruQture in the tongue, which are not ſo 
* to man. 


e HAF. XV. 
Of SMELLING. 


CCCCLVI. IHE ſenſe of ſmelling likewiſe condu- 
ces to the diſtinguiſhing prejudicial 
from ſalutary food. By it we both diſcover and are ad- 
moniſhed to avoid, before it comes to our taſte, what 
might be otherwiſe dangerous; and we are eſpecially 
enabled to avoid any thing of a putrid tendency in our 
victuals, which to us is of a moſt peſtilent nature, and 
likewiſe to diſcern what are grateful and wholeſome 
aiments ;. although cuſtom has rendered it more re- 
markable among brute animals than among men. For 
pen who have been brought up wild by themſelves, 
without debauching the ſcent by a variety of ſmells, 
have been obſerved to poſſeſs that diſtinguiſhing faculty 
In a very infallible degree. Finally, the powers and vir- 
tues of medicinal plants are hardly to be better known 
than by the ſimple teſtimony of taſting and ſmelling. 
From hence it is, that in all animals theſe organs are 
placed together; and from hence the ſmelling is ſtrong- 
er, and the organs larger, in thoſe animals which are to 


malignant plants from among thoſe that are fit for food. 
CCCCLVII. The ſenſe of ſmelling is performed by 
Vol. I. ; : means 


ek their prey at a conſiderable diſtance, or to reject - 
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means of a ſoft pulpy membrane, full of pores and {mal 
veſſels, which lines the whole internal cavity of the no. 
{tris being thicker upon the ſeptum and principal 
convgtutions, but thinner in the finules. Within this 
membrane are diſtributed abundance of ſott nerve; 
throughout the middle of its fabric, from the firſt pair 
(CCCLVIL )'*?, which deſcend through the holes of 
the os cribroſum into the ſeptum narium ; bu! in ſuch 
a manner, that it is very difficult to trace them to their 
extremities and into the ſeptum. Other lateral nerves 
come from the ſecond branch of the fitth pair and its 
branches, from that which lies tranſverſe in the pterr. 
goide canal, and from another which delcends through 
the canal> of the palate; and ſome from the infra. 
orbital branch in the maxillary finus, from the den- 
tal branch, and from the anterior nerve of the palate, 
Morcover, the fore-part of the ſeptum has a ſmall twi 
from the ophthalmic of the firſt branch belonging to the 
fifth pair“. | 
CCCCLVIIL 


723 To end the diſpute, whether the olfactory nerve be hollow, 


28 Hoſtman, Collins, Slevogt have aſſerted, and which Vicuſſene, 


Brunner, and Haller have denied; it is to be obſerved, that in 
ſome caſes it is found quite hollow, ſo that it may be diſtended 
by blowing in at the cribriform plate. A caſe of this kind N. 
Sommering ſaw along with me: but in moſt ſubjeQs I found it ſo- 
lid, and unable to be diltended by any means. 

We ſee diſtinctly the little twigs of nerve, which enter the 
inſide of the noſtrils from the fifth pair. Haller has already ſpoken 
of the pterygoide and palatine ramifications. I have ſeen ſent off 
from the infra-orbitalis two, three, or four filaments, along with the 
accompanying veſſels, through that part of the membrana pituitaria 


Which covers the antrum Highmorianum. From the ophthalmic 


branch, beſides the ethmoidal nerves which run through the mem- 
brana Schneideriana of the ethmoidal cells, aud may be diſtinguiſhed 


by an elegant whiteneſs, I have ſeen in ſome bodies, ſpecimens of 


which I have now by me, a branch ſent off from the frontal branch 
before it has become the ſupra trochlearis, which, along with the 
infra-trochlcaris, turns from the naſal into a ganglion, from u hich 
a twig runs into the frontal finus. Blumenback has already men- 
tioned this nerve according to my obſervation. The reaſon, pel- 
haps, why it is no: found in all ſubjects, is owing partly to its ow" 
tenderneſs and ſmallneſs, and partly to the violence uſed in the ſeßa- 
ration of the bone. h | 
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CCCCLVIII. The arteries which go to the noſe are 
many : from the internal maxillary branches; from the 
three naſal ones, to wit, the upper and both ethmoi- 
dal branches; alſo from the frontal, naſal, and fide 
branches; from the lefler ophthalmic branch of the 
internal carotid ; from branches of the palatine artery; 
fom the infra-orbital within the ſinuſes; and from 
the ſuperior dental one. It 1s proper to thele arteries 
rery eaſily and very plentifully to ſweat out blood, 
without any conſiderable injury to the veſſels them- 
eres. The veins run together in company with arte- 
ies, and form a large plexus, by uniting upon the ex- 
ternal pterygoide muſcle, and communicate with the 
ſnules of the dura mater; from whence they open to- 
rether into the outer branch of the internal jugular. 
The arteries ſupply the nouriſhment, warmth, and mu- 
cus, neceſſary to thele parts. | 
CCCCLIX. The formation of the human head into 
that of a roundiſh figure, has in us given to the organ of 
ſnelling but a ſmall extent of ſurface '**; but to enlarge 
las the more, nature has made the internal parts of the 
noſe variouſly hollow and complicated, in a ſurpriſing 
manner. Firſt then, by the nares we underſtand the 
nultiform cavity, which begins before from the no- 
lrils, and, extending tranſverſely backward over the 
root of the palate under the os cribroſum, terminates 
a the cavity of the fauces. This cavity is divided into 
wo by a ſeptum or partition of bone, which deſcends 
above from the plate of the cribroſum, but below is 
lrmed by the vomer, and in its fore-part is completed 
8 2 by 


'3 I am always ſtruck with admiration, when I compare the 
gans of ſmell in ſome quadrupeds with thoſe of man. For as in 
man the cavity of the cranium, which is the ſeat of the brain, is to 
lie face almoſt as three, or two to one; but in brutes, as the horſe, 
ws, ſow, as one almoſt to fix, eight, or nine; ſo in man the cir- 
Untrence of the noſtrils is to the whole globe of the head as one 
lo fourteen or ſixteen; in brutes, on the contrary, as three or two to 
NN; or in ſome, as one to one. Therefore, the anatomical reaſon is 
n, why moſt animals ſmell more acutely than man, although he 


GY have weakened his ſmelling by no bad cuſtom.” 
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by a triangular cartilage, whoſe ſurface is largely « 
tended and very ſenſible. 

CCCCLX. Moreover, the lateral ſurfaces of the na 
are increaſed by the ſpiral windings of the ofa th, 
nata ; the uppermoſt of which are ſmall turns or fold 
of a ſpiral figure from the upper part of the os crihrg. 
ſum. The middle fold belongs to the ſame, ſomeyiy 
oblong like a ſhell, internally convex, externally con. 
cave, riſing into an edge on each fide; all over roy 
with little ſinuoſities or excavations, and inwardly fil 
ed with ſpungy cells or receſſes ; the whole being (uf. 
pended in a tranſverſe poſition, and ſupported by par. 
ticular eminences in the bones of the palate and u 
jaw. The lowermoſt turbina, ſomewhat like the mid. 
dle ones, do like them reſemble the figure of a lima 
ſhell, but longer; for the moſt part divided from the 
former, but ſometimes conjoined by a bony plat, 
which 1s moſt frequently of a membranous nature, 
This bony appendix, being extended upwards in 4 
ſquare form, ſerves to complete the maxillary ſinus. 

CCCCLXI. From hence the cavity of the nares is en- 
larged or dilated by various ſinuſes, which are a ſott of 
receſles or appendages to the whole. And firlt, the 
frontal or uppermoſt finuſes, which are not always pre- 
ſent, are of an irregular ſigure , intercepted betyixt 
the anterior and poſterior plate of the frontal bone, 


where it forms the ſuperciliary protuberances ; 7 
thele, 


Phe oſſa turbinata are commonly counted three; but if i. 
deed we take any turning of the bone in the cavity of che noftrils for 
a bone, their number muſt be iacreaſed to four, and ſeveral pillage 
alſo are formed. 

The frontal ſinuſes ſometimes grow to a remarkable fits 
Laſt winter, in a male ſubjeRQ, they extended not only over all theor- 
bit, that the plates of the orbitary proceſs of the os frontis vert 
diſtended two or three lines; but what is Qill more ſurpriſing, tit) 
penetrated iato the alæ minores of the ſphenoid bone, and commu: 
nicated with the ſphenoidal finuſes by a diſtinct canal going to the 
toner fide of the foramen opticum. In theſe finuſes, worms of var 
ous kinds lodge; which I aſſert, partly from my own expericuce, 8 
which I ſaw in a boy of thirteen years of age ſome lumbrici, 
leeches ia dogs, which is likewiſe proved by other learned men. 
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theſe, being not round in a fœtus, ſeem to ariſe from 
the action of the corrugator and other muſcles, which 


draw the anterior plate of this bone outward, ſo as to 
increaſe the diploe into large cells, in the fame manner 
23 we obſerve in the maſtoide proceſs. Theſe open in 
the upper part of the nares into the interior cell of the 
os pyraceum. There are inſtances of their. being 
totally wanting, and growing after the birth. 


CCCCLXII In the ſecond place come the 'ethmoidal !? 
finuſe: ; which are four or more on each fide, in the outer 


part of the os cribroſum, like the cells of an honey-comb; 
completed above by the cellular middle part of the os 
frontis, and before by the os unguis; behind, by the 


bone of the palate and ſphenoid bone; from whence © 


they open by many ſmall tubes, placed one above ano- 
ther in a tranſverſe poſition, into the upper part of the 
nares. With theſe are continuous the cells in the pave- 
ment or bottom of the orbit, and thoſe engraved in the 
os planum and maxillare are continued from them 
outward, In a third place, this ſinus is contiguous on 
each ſide with the cavity or fenus of the multiform bone, 
extending largely on each ſide towards the os cribroſum 
and palatinum, which is itſelf formed in a dry prepara- 


tion, by the cartilage of large extent in the foetus, and 


by a ſolid bone, which gradually widens under the 
ſella turcica, with an ample cell either ſingle or di- 
vided; and opening forward by its aperture or fora- 

men, into the ſuperior part of the meatus narium. 
CCCCLXIII. The laſt, lowermoſt, and biggeſt ſinus, 
which in a foetus is inconſiderable, but in an adult very 
Jarge, is that formed in the bone of the upper jaw by 
leveral thin bony plates. The opening of this into the 
noſe is betwixt the os unguis bone of the palate and 
the proper lamella or plate which accedes to it from 
tie bottom of the os turbintatum. Which opening 1s 
ſo much leſſened by the ſurrounding membranes, as to 
ſorm only a moderate round aperture in the ſpace be- 
twixt the middle and bottom of the os ſpongioſum, 
But it likewiſe ſends forth an hollow appendix, tending 
. forwards, 
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forwards, under the orbits which the os planum, un. 


guls, and papyraceum complete, communicating like. 
Wile with the ethmoidal cells, and open behind the 
oſtium lachrymale. 


CCCCLXIV. The nerves of the noſe, being almoſt 


naked, required a defence from the air, which is con. 
tinually drawn through the noſtrils, and blown out agzin 
by the uſe of reſpiration. Nature has therefore ſup. 

lied this part, which is the organ of ſmelling, with z 
thick infipid mucus, very fluid in its firſt ſeparation, 
and not at all ſaline, but, by the air condenſing into a 
thick dry cruſt, more conſiſtent here than in other 
parts of the body. By this mucus the nerves are de. 
tended from drying and from pain. It is poured cut 
from many ſmall arteries, of the noſtrils ; and depoſited 
partly into numerous, c flindrical ducts, and partly into 
round viſible cryptæ gr cells ſcattered all over the no- 
ſtrils. The ſame flows out all over the ſurface of the 
olfa&tory membrane, which is therewith anointed on all 
ſides. In the ſeptum runs down forward a long ſinus 
to 2 conſiderable length, which is common to many 


muciferous pores: this mucus is accumulated in/the | 


night time; but in the day expelled by blowing the 
noſe, or ſometimes more powertully by ſneezing ; and 
may offend by its exceſs or tenuity, or irritate by too 


great thicknefs the very ſenſible nerves, from whence a 


ſneezing is excited for its removal. But the ſinuſes of 
this part, which abound with mucus, are this way wa- 
riouſly evacuated, agreeable to the different poſtures of 
the body; by which always ſome of them are at liberty 
to free themſelves, whether the head be ere, or incl: 
ned forward, or laterally; yet ſo, that generally thc 
maxillary and ſphenoidal ſinuſes are more diflicultly 
emptied than the reſt. Moreover, the tears deſcend, 
by a channel proper to themſelves, into the cavity i 
the noſe, by which they moiſten and dilute the mucus: 

CCCCLXV. To the extreme parts of the nares t 
organs of ſmelling is prefixed the noſe; lined inward 


with a membrane of the ſame nature; and compoſe 
U — 5 , ; | 0 
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of two bones, and uſually ſix cartilages, two of which 
are continued together into the middle ſeptum, 
(CCL CLIX.). Theſe cartilages render the noſe move- 
able by its proper muſcles, ſo as to be raiſed and dila- 
ted by a muſcle common to the upper lip, and to be 
contracted together into a narrow compaſs by the pro- 
per de preſſor and compreſſor muſcle pulling down the 
ſeptum. Thus we ſee that this organ projects, like an 
engine in the air, for the reception of ſmells, and may 
be dilated in proportion to the quantity of inhaled air, 
and again contracted, when it is expelled in the ſame 
abundance. | 

CCCCLXVI. The air, therefore, filled with the ſubtle 
and inviſible effluvia of bodies, conſiſting of their vola- 
tile, oily, and faline particles, is, by the powers of re- 
ſpiration (CCLXV), urged through the noſe, fo as to 
apply the ſaid particles to the almoſt naked and con- 
{tantly ſoft oltaQtory nerves, in which a kind of feeling 
is excited, which we call ſnelling: and by this ſenſe we 
diſtinguiſn the ſeveral kinds of oils, ſalts, and other 
matters, . difhcultly reducible to claſſes, which hereby 
we perceive indiſtinctly; whence they are difficultly re- 
called to memory, though the odours already eſtabliſh- 
ed are ſufficient enough for our purpoſes. This ſenſe 


ſerves to admoniſh us of any pernicious putrefaction; of 


any violent acrimony; or of a mild, ſoapy, and uſeful 


diſpoſition in bodies. And as ſalt, joined with an oil, 7 
is the object of taſte; ſo a volatile oil, aided with ſalts, 


lerves to excite ſmells : whence the affinity of the two 
lenſes, | which conjunctly aſſiſt and move each other, 
may be eafily underſtood. But volatile particles chiefly 
are diſtinguiſhed by ſmell, and fixed ones by the taſte ; 
perhaps becauſe the thick mucous cuticle; ſpread over 
the tongue, intercepts the action of the more ſubtle ſa- 
line efluvia from acting upon the taſte, which yet eaſily 


affect the ſofter and leſs covered nerves of the internal 


nole. We are ignorant of the reaſon why ſome ſmells 


pleaſe, and others diſpleaſe; perhaps cuſtom may have 


S 4 CCCCLVII. 


lome effect in this caſe. 
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CCCCLXVII. Smells have a very ſtrong action, bu 
of ſhort continuance; becauſe they are applied imme. 
diately, by the moſt minute particles, to nerves which 
are very near to the brain itſelf, and almoſt naked, 
from thence too proceeds the force of poiſonous yz. 
pours, and the refreſhment from agreeable odours, ) 
which ſome perſons are effectually recalled to themſelye; 
out of a dead ſwoon, or even after drowning. From 
hence comes that violent ſneezing, which often ariſe; 
from acrid particles; and a loofeneſs or purging of the 
bowels, from the ſmell of ſome medicines, with the 
power of particular antipathies. From hence is derived 
the pernicious effects of exceſſive ſneezing, more eſpe. 
cially blindneſs, from the near conſent or ſociety of the 
nerves. But amongſt the various parts of the noſe, the 
ſeptum, and more eſpecially the os turbinatum, have x 
conſiderable ſhare in the organ of ſmelling : ſince thele 
are parts multiplied in quick ſcented animals, ſo as to 
form beautiful ſpires in hounds and other quadrupeds 


and in fiſh, who ſmell by water, they are formed like 


the teeth of a comb, in an elegant manner, 


EMAP AVE 
Of HEARING. 


CCCCLXVIIL A S the ſenſe of ſmelling diſtinguiſhes 
the ſmall bodies which float in the 
air, ſo that of hearing perceives the elaſtic tremors or 
impulſions of the air itſelf. Therefore, we obſerve the 
ſenſitive organ of the ear to be compoſed in a different 
manner from that of any of the other ſenſes ; as it i; 
made up, for the moſt part, either of hard bones or 
elaſtic cartilages and membranes, which are the molt 
exquiſitely enabled to receive and communicate the ne. 
ceſſary tremors. . | 
CCCCLXIX. The external part of this organ, called 
the auricle or outer ear, is a cartilaginous funnel, con- 
netted, but with a ſort of mobility, before and behind, 
to the bones of the temple, by means of a ſtrong cellu- 


” 
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lar plate, and likewiſe by its own proper ligaments 
and muſcles ; but the mobility of this part is diminiſhed 
þy cuſtom. This cartilage is of a very compound 
figure 3 in general of a kind of oval figure, yet marked 
with ſpirals ſtanding up, and hollows interpoſed, to 
which other hollows and ridges correſpond in the op- 
poſite ſurface. The outer eminence, called helix, be- 
gins above by a looſe tape, is carried round at liberty 
about the edge of the upper part of the cartilage, upon 
the poſterior fide of which it terminates in the ſame looſe 
manner. Within the body of the cartilage, ſurrounded 
by the former, ariſes a bifurcated eminence, meeting 
together in one, called the anthe/ix, which terminates 
in a ſmall and ſhort tongue called the antitragus. The 
remaining part of the car, called the concha or ſhell, is, 
before, hollow; behind, convex ; growing gradually 
deeper, with a crooked line or ridge running through 
its middle, under the denomination of the concha, 
which is immediately joined with the meatus auditorius; 
before which ſtands a round moveable appendix of the 

cartilage, as a defence, called the fragus, Þ _ 
CCCCLXX. This whole cartilaginous body of the 
outer ear 1s only ſurrounded by a thin ſkin, and an 
empty cellular ſubſtance; it is repleniſhed with many 
ſebaceous glandules, which ſupply an ointment. This 
part is governed or directed by certain muſcles, which 
generally loſe their uſe and action, from the cuſtom of 
binding the head in children, which we are otherwiſe 
to ſuppoſe they. were deſigned by nature to perform. 
The uppermoſt of theſe muſcles ariſes thin from the 
frontal and from the aponeuroſis of the cranium; 
whence it is broadly ſpread over the aponeuroſis of the 
temporal muſcle, ai.d is inſerted into the anthelix, or 
neighbouring helix, at the ſide of the anonymous cavity. 
The poſterior muſcles, which are two or three, more 
or lels, are more robuſt than the former: in a tranſverſe 
polition ; and, ariſing from the ſame aponeuroſis, are 
nlerted into the convex part of the contha near the 
maltoidal bone; the cavity of which concha they, 
125 E | doubt- 
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doubtleſs, are deſigned to open or enlarge. The an. 
terior muſcle is one of the leaſt, which, being ſcreu bi. 
upon the aponeuroſis of the temporal, is inſerted algg 
tranſverſely into the origin of the helix and neighbay;. WW hair 
ing concha. But the leſſer muſcular portions, wich, abo 


though ſhort, and not very conſpicuous, look of 1 1:1 a. 


colour, are probably of uſe to make ſome change in wi 
the figure of this part. The tranſverſe muſcle of hof t 
outer ear, which, for a long way, conjoins the helix Wl mar 
with the anthelix, ſerves to open the auricle. The an. WM ; : 
titragic mulcle, deſcending from the root of the anthen gor 
to the antitragus, ferves to widen the entrance of the 
concha. The tragicus, which lies upon the trages, 
opens the entrance to the auditory paſſage ; and the 
{mall muicle of the larger notch or inciſure, that lies he- 
twixt the two cartilages of the auditory paſſage, forming 
the tragus and antitragus, ſerves to bring them nearer 
together, and to render the meatus itſelf more tenſe 


and elaſtic. The remaining muſcles, the longer or larger, ( 
and the leſſer of the helix, have hardly any great ue; wa 
unleſs it be to tighten or brace up the cartilages when -- it r 
ever we attend or liſten to the hearing of weak ſounds; rec 
and, by drawing together the cartilages, they likevie Wi the 
render the auditory paſſage more firm. ma 
CCCCLXXI. To the concha is connected the meatu WW pul 
auditorius, lomewhat of a round compreſſed figure, cre 
leflening as it bends inward; for a conſiderable pat em 
bony, and bent forward in its middle. But, in its an- mo 
terior and outer part, it is, in ſome meaſure, made up the 
by three impertect rings, arifing from the concha and 
tragus, and united together, and to the bone itſelf, by 
intermediate fleſh, membrane, and cartilage. Upward 
and backward, the meatus is completed by a mere ber 
membrane. Ihis is the ſtate of it in adult perſons; tor, Wl '*' 
in the foetus and new-born infants, the m-atus is wholly #2 
cartilage, and becomes afterwards, in part, a bone DM Ar 
degrees. . pt, No 
CCCCLXXII. Through the auditory paſſage are con. as 
tinued the cuticle and true ſkin, gradually extenuatedil ©” 


all 


* 5 
4 Fi 


Ci. XVI. HEARING. 275 


and exactly ſttetched over the ſurface of the bone, by 
which it is rendered extremely ſenſible of any itching 
pleaſure or pain; and, being repleniſhed with irritable 
hairs, is by them admoniſhed of any ſordes or wax 
abounding, and guarding from the entrance of ſmall in- 
ſects. But, in the cellular ſubſtance under the ſkin, 
which 18 here more firm, and makes up the greater part 
of the membrane (CCCCLXX1.,), in a ſort of reticular 
manner, are ſeated numberleſs round follicles or cells 
of a yellow colour, which pour out their contents by 
ſhort ducts into the cavity of the auditory paſſage; at firſt 
of an oily conſiſtence, but afterwards it becomes more 
thick, bitter, and inflammable like wax. This liniment 
defends the ſenſible ſkin and membrane of the tympa- 
num from injuries of the air, and keeps out or catches 
any {mall infects ; but, when accumulated in too great 
abundance in thoſe who are flothful or uncleanly, it 
may be the cauſe of deafneſs, or a difficulty of hearing. 
CCCCLXXIII. Into this funnel of the ear the ſonorous 
waves of the air flow, which, from principles of mechanics, 
it muſt of courſe collect together. The elaſtic air only 
receives ſonorous tremors or impulſions; and transfers 
them, either alone or principally, much after the ſame 
manner as we ſee water, without air, transfer any im- 
pulſe that is given to it'**, From hence, the ſound is in- 
creaſed in air that is condenſed, and is loſt in a veſſel 
emptied of its air. But the medium receives thele tre- 
mors, either from ſome body ſtriking againſt it, or from 
the air itſelf colliding againſt another body, or Ry 
rom 


That water communicates the ſonorous undulations, divers 
ſeem to prove; becauſe, when under water, they hear the ſound and 
voices of thoſe at the ſhore: and it is now beyond doubt, from the 
power of hearing which fiſhes poſſeſs. The indefatigable inveſtigator 
of nature, Lyonnet, is of opinion that inſets hear. Long ago 
Ariſtotle and Klein aſſerted the power of hearing poſſeſſed by fiſhes: 
Nollet agreed with them, but Camper has confirmed the aſſertion, viz. 
they have a kind of tympanum, in which there is a ſmall bone, a 
certain figure of a concha, receiving a nerve: they alſo have ſemi- 
circular cartilaginous canals, through which in like manner nerves 
ue diſtributed. e | 
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from the colliſion of two bodies againſt each other in 
the air. But the body which produces found, ought 10 
tremble or vibrate in all, even the leaſt of its particle 
fo as to form alternate arches riſing up from the former 
ttraight ſurface, and returning beyond the fame; the 


curve line of the ſame exceeding that of the ſounding 


body. From ſuch a tremor, the contiguous air is beat 
into waves, whereby the parts of the air that lie outer. 
moſt are compreſſed and fly back again ſo ſoon as their 
elaſticity gets over the impulſe ; whence the air flies 
again towards the ſonorous body, where it is now more 
Jooſe and rateſied, to be there again compreſſed by in. 
pulſion; and in the ſame manner the anterior and outer 
portion of air, ſurrounding that which is impelled, is, 
by the action of the latter, compreſſed and removed far. 
ther from the trembling body, yet ſo as to return again 
in its proper time by the force of elaſticity, driving its 
contents to the tremulous body for the exciting of a 
new wave. Theſe oſcillations or impulſions of the air 
are required to ſucceed each other with a certain velo. 
city; and, in order to render them audible, they mult 
not be fewer than go in a ſecond of time, 
CCCCLXXIV. Acute ſounds are, in general, yield. 
ed from bodies that are hard, brittle, and violently 
ſhook or [truck ; but grave ſounds are from the contrary, 
Thoſe ſounds in general are called acute, which are pro- 
duced from more numerous tremors in an equal time; 
and thoſe obtu/e, which are produced from few tremors. 
As to any medium betwixt acute and grave ſounds, 
there is none but what is arbitrary. Cords, or other 


bodies, that yield the ſame number of vibrations ina 


given time, are ſaid to be uniſon ; as thofe which make 
double the number of ofcillations in that time, are faidto 
yield a tone that is an octave or eight notes higher; and 
other proportions betwixt the numbers of the vibrations 


have different names aſſigned to them. The fhorter 
cords produce ſharper tones, and the reverſe, in a pro- 
portion directhy as their lengths; as thoſe which are 
more ſtretched afford ſharper founds in a ſubduplicate 


pſb- 
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coportion to their tenuity, or to the weights or powers 

by which they are ſtretched. Experiments to this pur- 

ſe are very eaſily made with a monochord, or a (cries 
of cords ſtretched with weights“. | 


CCCCLXXV. The found, thus produced, whether . 
acute or grave, ſtrong or weak, is carried through the 


air with a celerity equal to about 1038 Paris feet in a 
ſecond, and that with. an uniform velocity, without 
abating in the larger diſtances. But a contrary wind, 
cauſing the vibrations to extend more ſlowly, retards 
the progreſſion of ſound about r of its velocity. 80 
likewiſe denſity and dryneſs of the air increaſe the 
ſound, as a rarefaction and moiſture of the air leſſen it. 
Hence, in ſummer time, ſounds move ſwifter; and in 
Guinea, it has been obſerved to pals at the rate of 1098 
Pariſian feet in one ſecond of time. 

CCCCLXXVI. The found, thus every way extend- 
ed, meets with certain particles in all adjacent bodies, 
even in water and mercury, to which it communicates 
ſimilar tremors or vibrations, not only ſuch as are in 
uniſon with the original tone, and which yield a fonnd 
in a more particular manner ſenſible; but alſo it excites 
tremors leſs ſenſibly,” even in the other parts of bodies, 
which vibrate in the various proportions of the ſcale. 
From hence it is, that every ſound which we hear, is a 
mixture of the original tone, produced by the trembling 
body, in conjunction with ſecondary tones generated 
from the elaſtic tremors of the ſurrounding bodies. 
The ſtrength of ſqund is increaſed, if one audible oc 
primary tone follows the other fo cloſcly, that their ſue- 

ceſlion 
be doctrine of muſic undoubtedly is to be accounted among 
the chief proofs of human induſtry. It has recommended itſelf, not 
by the art by which it has been cultivated over all Enrope, and par- 
t1cularly at Naples, but likewiſe by its effects upon animal bodies z 
ſo that almoſt any affections of the mind may be produced by it, 
and diſeaſes themſelves, particularly of the nervous kind, may be 
cured, Albrecht and Roger have given an abridgment of this art; 
but theor'es of this doctrine, its foundation, and conjectures upon it, 


have been propoſed by ſeveral celebrated perſons ; ſuch az Euler, 
Rameau, La Grange, Burney, and fereral.others. | 
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ceſſion cannot be diſtinguiſhed by the ear; but if th 
follow each other ſo ſlowly as to be diſtinguiſhable by the 
ear, they produce an echo; but to produce this re. 
quires an interval of fix thirds of a ſecond of time, 
the diſtance of 55 feet betwixt the reflecting or echoing 
body and the ear. | 

CCCCLXX VII. Sounds, being elaſtic, are reflected 
from hard bodies in angles equal to thoſe of their inci. 
dence. But the ſame ſound, uſhered into the open 
air, and dilating through an immenſe ſphere, grow 
proportionably weaker : but if it be uſhered through a 
tube, in a cylindrical ſhape, the ſtrength of it is more 
confined together; or elſe, by being collected into the 
focus of a parabola or ellipſis, it becomes increaſed, az 
we obſerve in ſpeaking-trumpets, from which the voice 
goes out parallel to the focus of the parabola, without 
ſcattering the ſonorous rays. 

CCCCLXXVIII. Therefore the ſonorous waves of 
the elaſtic air, being driven into the cartilaginous funnel 
of our ear, which 1s naturally inclined forward and out- 
ward in an high ſituation, are repelled and collected 
together, by alternate reflections from its elaſtic ſides, 
into the cavity of the concha, from whence it proceeds 
through the auditory paſſage, with a force ſo much 
ſtronger as the ſurſace of the outer ear is larger than 
the light or ſection of the auditory paſſage. Through 
this paſſage, however cylindrical, the ſame force is con- 
tinued entire forward, and increaſed by new reſonances, 
excited trom the percuſſion of the elaſtic cartilages and 
hard bones, ſo as to mix imperceptibly with the primi- 
tive ſound. 

CCCCLXXIX. Moreover, the bottom or end of the 
ſaid auditory paſſage is terminated internally by a thin 
membrane, called the membrana tympani; which, in 
adults, is of a roundiſh figure, and placed with an ob- 
liquity; but ſo that from its upper appendix it projects 
inward like a ſhield, whilſt the part which lies above 
its middle projects into the cavity of the meatus like a 
ſhield. This membrane of the tympanum is * 
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{ſeveral plates; the firſt or outermoſt of which is white 
d mucous ; the other is a true ſkin, continued from 
he membrane of the meatus, and of a vaſcular texture; 
he third is a dry, rattling, ſplendid, and pellucid 
nembrane or plate, without blood- veſſels; and the in- 
nermoſt is the vaſcular perioſteum of the auditory pal- 
age and tympanum, with a tender cellular texture ly- 
ng between. This membarne 1s not naturally perfo- 
ated with any opening, fo far as I have been able to 
cover, and the tranſmiſſion of ſmoke is fabulous. It 
z conſtantly ſo ſtretched in the ſulcus or groove of the 


nd after the birth coalcſcing with the reſt of the os pe- 
roſum, that there is no part of the human body to be 


he ſurface of this membrane, and more eſpecially upon 
is conical cavity pointing inward, the ſonorous waves 
irke, after they have received their laſt refleQions 
from the auditory paſſage, by which the elaſtic fabric of 
dis membrane is forced into oſcillation. | 
CCCCLXXX. This membrane 1s ſtretched over a 


is, for the moſt part, of a roundiſh figure, but not re- 
gularly ſo; being divided in its middle into two by a 
promontory, and in the adult is increaſed backward 
by the cells of the maſtoide bone, which are abſent 


poſterior part, the tympanum has hollow cells, and 
s lined with a vaſcular membrane, receiving ſmall 
branches from the internal carotid, and from a branch 
of the artery of the dura mater, which laſt paſſes thro” 
2 hflure in the aqueduct, and it has others from the ex- 
ternal arteries of the tympanum and from the ſtylo- 
maſtoidea. It is commonly full of a mucus, poured 
into it from the Euſtachian tube, and is divided by 
various membranes into a kind of cells, namely, by 
productions of the perioſteum to the little bones. 

CCCCLXXXI. Within this cavity, three of the larger 


vanes of hearing, together with a fourth which is leſs, 


bony ring, in which it is contained, proper to the fœtus, 


bund more tenſe or more tremulous than this. Upon 


cavity of the os petroſum, called the tympanum; which 


u the foetus. But alto, in its upper and anterior and 


are 
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Tame place of this bone a broad, long, and flat proceſs, 


Particular groove within the tube, with which it pro- 
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are ſuſpended moveably. And firſt, the malleu; . 
hammer lies with its upper round head reſting upon the 
concavity of the tympanum, from whence the handle 
of it 1s extended down, along the membrane of the 
tympanum, betwixt the plates of it: having reached x 
low as the middle of the membrane, it terminates by a 
very cloſe coheſion, with a broad extremity a little in. 
curvated outwards. The ſame bone is, moreover, con. 
netted and ſuſtained by a peculiar ligament of its own, 
joining it to the longer leg of the incus; and another 
membrane ſerves as a ſecurity near the longer proceſ 
of the malleus. This bone drives outwards the mem. 
brane of the tympanum, which is ſpread over the 
ſhorter and conical proceſs of its handle. From the 


goes out forward into a ſulcus of the tube. It is articu- 
lated with the incus by two heads, having protuberant 
lines with a ſulcus in the middle, and all of them ob- 
lique. | 

CCCCLXXXII. In the malleus are commonly de- 
ſcribed three muſcles : the firſt and internal of which, 
called tenſor tympani, being the largeſt, is lodged in a 


ceeds parallel; and, riſing from the proceſs of the 
multiform bone between the paſſage of the cerebral ca- 
rotid and the hole of the artery of the dura mater, ben- 
ding round a pully, is inſerted by its tendon reflected 
outward and downward into the beginning of the 
handle. "The fecond muſcle ariſes from a ſulcus in the 
ſame tube, but externally ſhorter than the former, and 
carried back almoft in the ſame manner, but without 
being reflected : it adheres by a conſiderable extent to 
the longer proceſs; and the ſame is ſuſpected to be but 
little different from the red pulpy membrane. The third 
muſcle of the malleus, which ariſes from the auditory 
paſſage, paſſes through a notch in the broken or inter- 
rupted ring of the tympanum, and is inſerted juſt by 
the ſhorter proceſs into the malleus ; and this, which is 
by ſome ſaid to relax the membrane of the tympanum, 
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has never been ſeen with ſufficient certainty neither by 
nyſelf, nor by the moſt eminent anatomiſts. For the 
reſt, by means of the tenſor of the malleus, the mem— 
brane of the tympanum is diſpoſed for the hearing of 
weak ſounds; as the other muſcle ſerves tg moderate in 
too violent ſounds, by drawing the malleus from the 
incus ; by which therefore the propagation of the ſono- 
tous tremors is interrupted. If the membrane of the 
mmpanum be broke, or the bones of hearing diſlocated, 
the perſon becomes at firit hard of hearing, and after- 
wards perfectly deaf; this part being the ſeat of that 
licht hearing which is propagated through the bones 
of the ſkull, | 

CCCCLXXXIII. The malleus returns thetremors im- 
preſſed upon the membrane of the tyußhhum to the 
ncus, which is a ſhort thick little bonWarticulated 
rith the former behind by a broad furfa with two 
fulci and a middle eminence. The ſhortè Meg of this 
done, whoſe little body is bifurcated, being ſuſpended 
by a ligament, is held firm into a ſulcus proper to the 
bone, Another longer one deſcends parallel to the mal- 
eus; and, by a ſomewhat crooked extremity, is adapted 
tothe fourth orbicular bone which 1t receives, convex 
on one fide, flatter on the other, and reſting upon the 
apes, to which its protuberances are imparted. 
CCCCLXXXIV. The apes, aptly enough ſo called 
rom its figure, lies inclined, but more backward than 
forward, with a hollow head that receives the incus, 
om whence proceed two little crooked legs, the poſte- 
rior one of which is largeſt ; but below, its oval baſis 
b occupied by an aperture of a correſponding figure, 
commonly called the feneſtra ovalis, Here the legs, 
which are ſulcated inwardly, are conjoined by a tenſe 
membrane aflixed to the hollow baſis. This bone of 
ne ſtapes is covered by its own muſcle, which being 
ncluded in a bony papilla or cafe, ſends out a ſmall 
tmdon, which is inſerted under the incus into the head 
vi the ſtapes. Hence it ſeems to draw the ſtapes, that 
t may lie higher up, under the back part of the feneſtra 
Vor. I. 3 ovalis, 
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ovalis, and paſs out of it before. Thus the neryom 
pulp of the veſtibulum is prefled by the baſis of the 
{tapes, and by the air of the tympanum. The whole 
courſe or ſeat of the ſtapes is ſeparated from the reſt q 
the tympanum, by a membrane proper to itſelf, 
CCCCLXXXV. A ſmall roundiſh oval-ſhaped bone, 
here and there greatly excavated, 1s here fixed to the 
longer leg of the incus, and from thence goes to the 
{mall head of the ſtapes. 5 
CCCCLXXXVI. There are various channels which 
paſs out from the cavity of the tympanum. Above the 
two larger bones behind the poſterior leg of the incu, 
is a {mall cell, a kind of appendix to the tympanum, 
of the figure of a gnomon. Behind that the ſmall 
cells begin in the os petroſum, above the mamillary 
proceſs. Below theſe, that proceſs is excavated in 
an adult by various ſmall caverns, 
CCCCLXXX VII From thence the proper canal, go 
ing out forwards from the anterior extremity of the 
tympanum, emerges from the bones lying between the 
os multiforme and the offa temporum; and is joined 
into a correſponding elliptical and diverging cone, par. 
ly membranous, and in part made up of cartilages of a 
variable ſtructure; it opens by a very ample elliptical 
aperture, turning inward and forward behind the nares, 
into the cavity of the fauces: it is lined with a porous 
membrane, full of cryptæ and mucous cells, continued 
from and like to the membrane of the nares. This is the 
tube which, by the action of the circumjacent mulcles, 
may be compreſſed and cloſed, and probably a little te. 
laxed and opened again, by the circumflex muſcle of 
the moveable palate, By this canal the inſpired air 
enters into the tympanum to be changed or renewed, 
and the ſurrounding mucus of the little bones and o- 
ther parts are this way depoſited : nor is it at all impto- 
bable, that the air enters by this tube, to ſupport the 
tympanum when it is preſſed inward by the more vio- 
lent ſounds; for ſounds themſelves, received into the 
mouth, are this way conveyed to the organ of hearig: 
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in inſpiration, the air preſſes the membrane of the tym- 
panum outward : and from thence proceeds that claſh- 
ing or whilpering noiſe, by which the hearing is obſcu- 
red, when the mouth is held wide open in yawning; 
for then the air entering more abundantly through the 
cavity of the tube, to the tympanum, reſiſts the tremors 
of the external air. 

CCCCLXXXVIII. Two other paſſages lead from the 
tympanum to the /abyrinth, or innermoſt chamber of the 
cat o. And, again, the feneſtra ovalis (CCCCLXXXIV) 
not covered by any membrane, leads into the ve//zbulum ; 
which is a round cavity, formed in a very hard part of 
the os petroſum, that lies near the inner part of the tym- 
panum. In that cavity are three receſſes; of which the 
upper one is elliptical, the lower one circular, and the 
third like a furrow. There is a nervous pulp in the 
reſtibulum diſtinguiſhed from the parietal bone by the 
vapour ſurrounding it *3*, Into this open the five mouths 
of the three ſemicircular canals, the foramen ovale, and 
the paſſages of the nerves and arteries. SY 

CCCCLXXXIX. In the foetus, theſe are formed of 
a diſtinct hard ſhell, which being ſurrounded with a 
ſpungy bone, are lodged in a cavity of the os petroſum; 
which, in adults, is extremely hard, extended into ſeg- 
ments ſomething larger than ſemicircles, which have an 

: T 2 ample 

There is elmoſt no part of the buman body ſooner acquires 


ts perfet magnitude than the labyrinth of the internal ear: for in 
a ſœtus of five months, it is almoſt of the ſame ſize as in an adult. 


'3* All the internal cavity of the labyrinth is filled, not with va” - 


pours, but with true water. In 1771, I had two caſes of perſons who 
died through cold, in whom an icy ftria could be perceived pene- 
trating through the fenellra ovalis, the tapes being driven out from 
the veltibulum into the cavity of the tympanum. No perſon before 
Cotun, although Vieuſſens, Salzman, Valſalva, Morgagni, &c. had 
lome knowledge of the ſubject, was really aud fully acquainted with 
this water, which Caldan and Meckel have more fully confirmed. The 
whole cavity of the labyrinth, particularly of the veſtibulum, is filled 
vith it: if you inject quickſilver, it is expelled; or by cold, it is 
converted into ice, exactly repreſenting the figure of the cavity: This 
8 ſeen in ſeveral animals. It is ſecreted from the arteries, and thrown 
out by two ſmall canals, through which at leaſt mercury goes from the 
cavity of the labyrinth. | 
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am le opening betwixt them. The larger poſterior and 
lower of theje circles is perpendicular; alſo the middle 
and upper one is placed towards the perpendicular; hy 
the outcrmoſ! and lœaſt is horizontal. The inner mouth 
or aperture of the uppermoſt of theſe meets with thy 
upper opening of tne PT ring, and both join into 
one. 
CCCCXC. But the &$1 a part ſtiil more wan. 
dertul, ſeated in an inciined poſture within the anterior 
portion of the os petrolum. Into one part of this cavity 
opens the veſtibulum; and into the other the ſeneſra 
Wed: 4 of the tympanum ***, which is concealed behind 
a protubcrance in the bot! om oi the tympanum. The 
8 Itielt is made up of a nucleus of bone, of a co- 
nical figure, with its apcx inclined inward; divided bya 
middic tulcus, both through its baſis, and through its 
whole length; and pertorated with innumerable ſmall 
ſoramina wth the tubes, which are called ſcalæ, termi. 
nating in the middle of the fecond ſpiral. About this 
nucleus are wrapt two turns and a half of a canal; which 
in the icetus is made vp of a diſtinct ſhell-like ſubflance, 
peculiar to itſelt; and, in the adult, is united into one, 
with the adjacent bone: and this winding canal dimi- 
niſhes gradually in a conical figure, from the two fore- 
mentioned openings towards the tip of the nucleus. It 
is bilocular, or made up of two apartments, divided by 
a partition called /amel/a ſpiralts. This, at its larger 
end, is bony, and extended out of the nucleus, at right 
angles, into a cavity; is ſtriated, and every way wrapt 
up by the internal perioſteum as in a capſule. Ano— 
ther external part hereto belonging, is a membrane, 
which lkewiſe divides the canal: thus there are formed 
two diſtinct ſemicanale, called ſcalæ. The interior and 
polterior of thele canals begine from the feneſtra rotun- 
da, where it is favt by a membrane, and is called thc 
ſcaſa 1ympan ; the other begins before, from the velli- 
bulum, from which it has its name. In the tip of the 
| cochiea 


732 It is now very clear to al from the obſervations and ſigure of 
Scarpa, although it was not known beſore. 
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ochlea is formed a third cavity ſhaped like a funnel. 
Into this the ſpiral lamina terminates by a membrana- 
ous extremity, but fo that the funnel communicates 
with them by a ſmall hole on each fide; but, in many 
bodies, it alſo communicates with the cavity of the buc- 
let that is filled with the nerve. 

CCCCXCI. The blood-veſſels of the outer ear come 
rom the temporal or proper auricular branches; thoſe 
o the membrane of the tympanum are either from the 
emporal, from the ſtylo-maſtoideal, or from both; thoſe 
of the meatus auditorius come from the former; thoſe 
w the tympanum were defcribed CCCCLXXX.; and 
he veſſels belonging to the veſtibulum, cochlea, and 
micircular canals, are from the vertebrals and ſtylo- 

maſtoideals. The induſtry of late anatomiſts has diſ- 
wvered veſſels of a particular kind, proper for carrying 
Ack liquids from the veitibulum into the tranſverſe 
ſnue, from the cochlea into the cavity of the ſkull. 

CCCCX Cl. It now remains that we deſcribe the 

rerves deſtined to the ſenſe of hearing, of which the 
principal is that called the ſeventh (CCCLVII.) This 
rerve enters into the internal auditory ſinus of the os 
xtroſum, in the blind end of which it divides. The 
maller part of the nerve is ſent upward, through the 
gening of a canal in the ſinus; whence paſſing tranſ- 
rerſely, it is afterwards bent behind the tympanum. 
u this part deſcending, it gives oft a branch through a 
reculiar channel to the tympanum, which aſcends be- 
wixt the malleus and incus, and goes out of the tym- 
num, through a fiſſure behind the articulation of the 
bwer jaw, afterwards inſerting itſelf into the nerve of 
de tongue (CCCCL.VII.); the reaſon of which ſecret 
communication is obſcure, but ſerves to explain the 
conſent of the teeth ſet on edge by ſharp ſounds, a re- 
noval of their pain by burning the ear, &c. The 
lt of the nerve, eſcaping by the ſides of the ſtyloide 
proceſs, is diſtributed through the external ear, the pa- 
otid gland, a large part of the the face, and upper part 
ok the neck, both cutaneous and muſcular; and in the 
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face forms numberleſs inoſculations, both betwixt it; 
own branches, as well as with thoſe of the firſt, ſecond, 
third, and fifth pair; and it likewiſe communicates with 
the eighth pair, and the third cervical pair. But to the 
immediate organ of hearing it ſends either no branches, 
or at leaſt very ſmall ones. The outer ear again re. 
ceives other nerves in its fore part from the third branch 
of the fifth pair, and in its back part to the ſecond 
and third of the cervicals. 

CCCCXCIII. But the % portion of the auditory 
nerves ariſes larger, but more obſcure, from the fourth 
ventricle of the brain itſelf (CCCLVIL) and enters by 
very minute threads through exceeding {mall holes of 
the inner auditory ſinus, which go in part to the velti. 
bulum, and in part to the ſurface of the cochlea. The 
branches in the veſtibulum form a pulp-like tender mem- 
brane *'33, which is every way extended through the ſemi. 
circular canals. Ihe other part, entering the furrow 
of the cochlea, has an obſcure termination. 

CCCCXCIV. With reſpe& to the nerve which is 
diſtributed through the veſtibulum and ſemicircular ca- 
nals, there is no doubt but it is ſtruck by the tremors of 
the external air, propagated to the ſtapes; from whence 
the tremors immediately paſs through the oval fe- 
neſtra, to preſs upon the naked pulp of the nerve. 
That part of the nerve which enters the cochlea is al- 
together obſcure in its termination, It is probable, that 
{mall branches from thence paſs through the little fora- 
mina (CCCCXC.) to the perioſteum of the cochlea, and 
to the membranous part of the ſpiral partition. Do the 
tranſverſe nervous filaments paſs out from the nucleus 
of the cochlea, all the way ſucceſſively ſhorter through 
the ſpiral plates? Is it the organ of hearing? Thele 
are queſtions, which we are yet hardly able to reſolve 


from anatomy; though this ſeems repugnant to ” 
courle 


733 The veſtibulum is divided by a certain proper membranaceous 
ſeptum into two parts, over which a great portion of the ſeventh 
pair is diſtributed : the reſt of it is diftributed almoſt in the lame 
manner over the cochlea as the optic ends in the retina. 
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ourſe which we obſerve nature takes in brute animals, in 
birds, and in fiſhes, who all hear very exquiſitely with- 
out any cochlea, However this may be in the human 
body, it is there probable, that the ſpiral plate, ſpread 
full of nerves, is agitated with tremors from the oſcilla- 
tions of the membrane of the tympanum, by which the 
ir in the cavity of the tympanum is agitated, ſo as to 
weels the membrane of the round feneſtra, which again 
pitates the air contained in the cochlea, = 

CCCCX CV. The preceding conjecture is indeed ele- 
zant; ſince the ſpiral plates make up a triangle, ending 
n a ſhort point towards the tip, by which it may be con- 
cived to contain an infinite number of nervous cords, 
continually ſhortening in their length; and by that 
neans adapted to an harmonical uniſon or conſonance 
CCCCLXXIV.) according to the variety of acute and 
gave ſounds, ſo as to tremble together at the ſame time 
with moſt of them; namely, the longeſt cords in the 
dais of the cochlea with grave ſounds; and the ſhorteſt 
words nearer the tip or apex, with the ſharper ſounds. 
Whether are ſounds perceived in the middle ſemicircu- 
kr canals, when theſe alone are found in all claſſes of 
nimals? Are they detained in theſe canals, in the 
wchlea, and by the membrane ſuſpended through the 
rſtbutum ? This ſeems probably the caſe. ; 
CCCCXCVI. From what has been aid, it appears, 
tat the elaſtic waves or tremors of the air arrive thro” 
lie outer ear and auditory paſſage, to the membrane of 
de tympanum; which being injured, and not repaired, 
lie hearing is totally deſtroyed. This ſeems to be 
lretched, for hearing weak ſounds, by the muſcles of 
de malleus. From this membrane the ſound is con- 
eyed through the ſmall bones to the veſtibulum; for 
lieſe bones being deſtroyed, the hearing is again abo- 
ed. The bony ſides of the reſtibulam, by their 
temulation, agitate the ſmall quantity of aqueous fluid 
urrounding the nervous pulp. It ſeems to be ſtruck 


ilat tremor to be continued through the continuous pulp 
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ly the nervous pulp ſuſpended in the veſtibulum, and : 


| 
| 


J 
[ 


Canary iſlands. 


288 HEARING. Cu. Xyl. 


of the cochlea and ſemicircular canals. Of more than 
this we are not certain: but, by undoubted experi. 
ments, tremors, and even elaſtic ſounds, communicate 
themſclves by the internal Euſtachian tube, and through 
all the bones of the ſkull, ſo as to impreſs their force 
upon the auditory nerve 

CCCCXCVII. The piſtinQion of ſounds, doubtlek, 
proceeds from the celerity of the tremors excited in the 
hearing nerve, according as they ſucceed each other 
more iwiftly or flowly, in a ſhort time; in order tg 
which it is not neceſſary the mind ſhould number them; 
it is ſufficient that ſhe\perceive their numbers to be tit 
ferent, and that this difference excites a variation in he: 
thoughts and ideas thence arifing. Whether the har. 
mony or agrecableneſs of ſounds ariſes from the number 
of parts ſounding together in uniſon? and whether the 
mind, ignorant of herſelf, numbers the degrees of con. 
ſonance, ſo as to pleaſe herſelf in a majority of them! 
theſe are queſtions denied by the moſt expert muſi- 
cians, who make it appear, that there 1s an agreeable- 
neſs, and that yery conſiderable, in founds approach- 
ing the leaſt to a conſonance, and which lies in a pro. 
portion very difficult to determine. Why do ſounds 
often become too ſharp for the ear? Our auditory 
nerves ſeem to be ſtrained upon the ſpiral plates, 
ſuch degrees as to be in danger of breaking, after the 
manner drinking-glaftes may be broke by ſharp tounds 
and as the hearing is ſometimes almoſt loſt for a while 
by the violently ſhrill whiſtlings of the inhabitants of th 
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